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Though the principles of aeronautics were clearly enunciated by 
Samuel Johnson 159 years ago in his Rasselas Prince of Abysinia, it was 
not until within the last decade that air fiights began to be practical. 
During these years, infinite time and thought have been spent upon the 
machine. The pitch of the screw, the angle of attack, the stream line, 
the admixture of gasoline and air, etc., have all been studied with 
mathematical accuracy. 


But the value of the human machine is just beginning ‘to be properly 
recognized. A slack control wire is not more dangerous than a weak eye 
muscle, a pocr mixture of gas and air is not more serious than a flyer 
with poor adaptive respiration. And ea poor compression in the Fe doraiuiantt is 
not of such vital consequence as a weak heart muscle. 


The Laboratory, which is the workshop of the Medical Research Board of 
the Air Service, investigates "all conditions which affect the efficiency 
of pilots"; classifies flyers not only according to their efficiency, but 
also according to their ability to stand diminished oxygen; and: instructs 
Flight Surgeons and Physical Mths in the reactions of the human 
system to oxygen want. 


This manual is the result of the work done in the Laboratory and it is 
intended for the information and instruction of those who are interested in 
the medical problems of Aviation. In these bricf pages it hus besn im- 
possible to go fully into a subject so new and so large. But it is the 
earnest hope that the faithful painstaking work of the department heads and 
their assistants may be of service in stimulating the study of conditions 
that are of such vital economic, military and human value. 

Medical Research Laboratory, William H. Wilmer, M.C.,N.A- 
Mineola, L. I., July 6, 1918. Officer in Charge... 


W. H. Wilmer, Colonel, N.C. N.A. 
Heads of Medical Research Laboratory Departments. 


CARDIO-VASCULAR 

James L. Whitney, Major, M. R. C. 
NEUROLOGY AND PSYCHIATRY 

Stewart Paton, Major, M. R. C. 
OPHTHALMOLOGY 
Conrad Berens Jr., Captain, M. R. Ce 
OTOLOGY . 

Eugene R. Lewis, Lt. Col., M. C. N. A. 
PHYSIOLO GY 

Edward C. Schneider, Major, Sanitary Corps, N. A. 
PSYCHOLOGY 

Knight Dunlap, Major, Sanitary Corps, N.A. 
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ORGANIZATION OF MEDICAL RESEARCH LABORATORY | 
In accordance with Per, 113, S.0,. 243, A,G.0, October 48, 1917, the 

following officers were directed to report to the Chief surgeon, Aviation Sec- 

jlon, Signal Corps for assignment to duty as meubers of a nedical research boarc: 


Major John B, Watson, S. O. Re Ce 
Majer Hugene R, Lewis, Ms Re C. 
Major Wi. He. Wilmer, M. R. Cc. 
Major Edward G. Seibert, M. Re Ge. 


Dr, Yandell Henderson was added to this Roerd in civilian capacity and 


fas constituted chairzian of the Board, 
The powers delegated to the Board were ag follows; 


This Board shall have discretionary powers: 

1, To investigate all conditions which affect the efficiency of pilots, 

@. To institute end carry out, at Flying Schools or elsewhere, such ex- 
periments and tests as will deteriiine the ability of pilots to fly in high 
altitudes, 

(3. ‘To carry out experinents and tests, at Flying Schools or elsewhere, to 
provide suitable apparatus for the supply of oxygen to pilots in high alti- 
tudes, 

4. To act as a standing nedicel board for the consideration of all matters 
releting to the physical fitness of pilots, 


In accordence with this authority the Board instituted the following 


epartments, 


en Ce ea ees me Lieut. Col. E.R. Lewis. 
ME AO VEBOUL EI ew me ee sew Major James L, Whitney. 
POV ELOLOCY< 2 me we ee “7 = © — Major Edward C. Schneider, 


Bey enOlogy- ai = ee = mm ee 8 = Major Knight Dunlan, 
Peyehiatry and Neurology- - =~. --.. 4 « Major Stewart Paton, 
Ophthalmology --<« - 2452 -e ws nwa Capt. Conrad Berens. 

The immediate military problen of classification ef aviators was pre- 
ded by certain necessary research sufficient to establish basis of such cless« 
‘ication, 

The present organization couprises the Main Laboratory at Hazelhurst 
ld, with twenty branch leboratories at flying schools and ground schools, 
ght of which are now in active operation, 

Officers are now under instruction at the Main Laboratory for the 


walning stations, 


Ea Ge Seibert , 
Lieut. Col. Me Ces Ne As 
Secretary Medical Research Board, 
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ALTITUDE PHYSIOLOGY 


In recent years our knowledge of the conditions portaining to life at 
high altitudes has been onriched by careful scientific investigations. The 
majority of these have been carried out on Monte Rosa in Europe and on Pike's 
Peak in the United States. Further contributions come from studies made in 
pneumatic cabinets in which the atmospheric pressure can be reduced to any 
degree corresponding to known heights. 


The physiologic effects of altitude on man and other animals have a 
threefold interest. The purely scientific aspects of the life under condi- 
tions of low barometric pressure are themselves deserving of careful inves- 
tigation. The fact that altitude plays a part in therapeutics and forms a 
feature of climatology, as applied by medicine, furnishes another reason 
why the subject should be placed on a rational basis. While the coming into 
prominence of aviation which requires a man to ascend into the air as the 
bird, frequently to moderate and sometimes to great altitudes, furnishes a 
third reason why we should know what constitutes fitness for life in rarefied 
air. As soon as an attempt is made to interpret the physiologic phenomena 
of altitude, in terms of their causes, difficulties arise. The reason for 
contradictory theories is to be found in the complexity of the factors which 
enter into the environment at high altitudes. Among the climatic variables 
are the low atmospheric pressure with its low partial pressure of oxygen, 
the peculiarities of the sunshine, low temperature and humidity, the high 
wind, the electric conditions of the atmosphere, and ionization. It has 
been found difficult to study these factors one at a time, but with the use 
of the pneumatic cabinet it is possible to eliminate all factors except 
lowered barometric pressure and also to study the added influence of other 
altitude factors. The consensus of opinion held is that the physiologic 
effects noted at high altitudes are due to the lack of oxygen resulting from 
the lowered partial pressure of oxygen. . 


It is clearly established today that high altitudes or low barometric 
pressure when first encountered may interfere with the normal workings of 
the human machine. A sudden disturbance of any sort of the bodily functions 
is usually manifest by symptoms of illness. Those disturbances brought on 
by change of altitude cause the so-called mountain sickness, or better, alti- 
tude sickness, the symptoms of which are generally so mild that they may be 
entirely overlooked by the unobservant. Mankind differs greatly in the power 
of adjustment to changes of environment. Hence, it is found that mountain 
sickness befalls some individuals at a lower, others at a higher altitude, 
but, it is also certain that no one, who proceeds beyond a certain elevation 
--the critical line for him-- escapes the malady. An elevation of 10,000 
feet or even less might provoke it in some, others may escape the symptoms 
up to 14,000 feet, while only a very few, possessed of unusual resisting 
power, can, without much distress, venture upward to 19,000 feet. The 
symptoms of mountain sickness depend not only on the nature of the individual 
and his physical condition, but also on various intricate contingencies, 
especially on the amount of physical exertion made in ascending; thet is, 
-on whether the ascent is performed by climbing or by passive carriage on 
horse, on railwey train, or in an aeroplane. 
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There are two forms of mountain sickness; the acute and the slow. ‘The 
acute, due to going too far beyond the individual critical line, breaks out 
suddenly on entrance into the rarefied air; the slow manifests itself later 
and other debilitating causes besides the barometric depression often con- 
tribute to produce it. 


The acute form is characterized by a rapid pulse, nausea, vomiting, 
physical prostration which may even incapacitate one for movement, livid 
color of thé skin, buzzing in the ears, dimmed sight, and fainting fits. 


In the slow form of mountain sickness, which may be called the normal 
type, the newcomer at first complains of no symptoms. In fact, when questioner 
he says he feels fine. Occasionally he may report that on stooping over and 
raising up egain, he feels dizzy and has a visual sensation of blackness. 
Even at this time on examination there is found blueness of the lips, edges 
of the eyelids, gums, and under the finger nails. Some hours later he begins 
to feel "good for nothing" and disinclined for exertion; to express it 
differently, he finds that he feels somewhat weak and exhausted. He goes to 
bed and has a restless and troubled night and wakes up next morning with a 
severe frontal headache. Many find that the headache begins to develop 
toward evening or during the night of the first day. Following it there may 
be vomiting and frequently a sense of depression in the chest. The patient 
may feel slightly giddy on arising from bed and any attempt at exertion in- 
creases the headache which is nearly always confined to the frontal region. 
On examination the face may be slightly cyanosed, the eyes look dull and 
heavy and there may be a tendency for them to water. The tongue is furred, 
the pulse is nearly always high, being generally in the neighborhood of 
100 or over. The temperature is normal or Slightly under. The patient 
often feels cold and shivery. All appetite is lost, some have diarrhoea 
and abdominal pain. A tendency to periodic breathing is observed in many 
and physicel exertion is accompanied by great hyperponea. 


There are wide divergencies from this slow or normal type of mountain 
Sickness. Dr. Ravenhill has grouped these into two classes; 1. those in which 
cardiac symptoms; and, 2. those in which nervous symptoms predominate. 
Neither is common. The cardiac type is well illustrated by one of Dr. Raven- 
hill's cases. An English gentleman in the Andes Mountains ascended fron 
sea-level to 15,400 feet in 42 hours. Three years before he had lived at 
the same altitude for a period of three months and had been in good health 
the whole time. He seemed in good health upon arrival; he kept quiet, ate 
Speringly, and went to bed early, but awoke the next morning feeling i11 with 
Symptoms of the normal type. Later in the day he began to feel very ill. 

In the afternoon his pulse rate was 144, respirations 40. Later in the 
evening he became very cyanosed, had acute dyspnoea and evident air hunger, 
all the extraordinary muscles of respiration being called into play. His 
heart sounds were very faint; the pulse irregular and of small tension, thus 
presenting’a typical picture of a failing heart. The condition persisted 
during the night; he coughed up with difficulty and vomited at intervals. 

tle was sent dow on an early train the next morning. At 12,000 feet he was 
Considerably better and at 7,000 feet he was nearly wll. Dr. Ravenhill 
thought that he would have died had he remained another day. 


The nervous type of mountain sickness in its simplest form consists of 
the feeling of a nervous excitation and buoyancy. Some feel as though they 
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are being lifted into the air as by a balloon. There may be a tendency to 
twitching of the lips and trembling of the limbs. In gevere cases these 

may lead on to violent spasmodic movements of the limbs and even convulsions. 
Vertigo may be a prominent symptom though it is very rarely pronounced, 


The symptoms of mountain sickness persist for one, two and three days 
and then gradually disappear as the adaptive reactions to high altitude occur. 
The action of gradually developing want of oxygen at very high altitudes is 
very insidious as dangerous effects may develop with a dramatic suddenness, 
Two now historic experiences illustrate this. In 1862 the well known 
meteorologist, Glaisher, and his assistant, Coxwell, ascended in a balloon. 
Glaisher first noticed at an altitude of about 26,000 feet that he could 
not read his instrument properly. Shortly after this his legs were para- 
lyzed and then his arms, though he could still move his head. Then his 
sight failed entirely and afterwards his hearing and he became unconscious, 
His companion meanwhile found that his arms were paralyzed, but that he was 
still able to seize and pull the rope of a valve with his teeth--this per- 
mitted gas to escape--so that the balldon descended: As Glaisher recovered 
consciousness, he first heard his companion's voice and then was able to 
see him, after which he quickly recovered. The balloo » during the ascent, 
reached an altitude of about 30,000 feet. The second of these historia | 
experiences is found in a graphic account given by Tissandier, the sole 
survivor of a party of three in a fatal balloon ascent in 1875. "I now 
come to the fateful moments when we were overcome by the terrible action 
of reduced pressure; At 22,900 feet (320mm.) we were all below in the car 
-- torpor had seized me. My hands were cold and I wished to put on my fur 
gloves; but, without my being aware of it, the action ot taking them from 
my pocket required an effort which I was unable to make, At this height 
I wrote, nevertheless, in my notebook almost mechahica}jly and reproduce 
literally the following words though I have no very clear recollection of 
writing them. They are written very illegibly by a hand rendered very 
Shaky by the cold. 'My hands ate frozenii I am well, We are well. Haze 
on the horizon, with small round cirrus. We are rising. Crocé is panting, 
We breathe oxygen. Sivel shuts his eyes. Crocé also shuts his eyes. 

I empty aspirator, 1:20 P, M., -7 to -11 degrees, barometer 320. Sivel 

is dozing, 1:25, -11 degrees, barometer 300. Sivel throws ballast, (last 
word scarcely legible).' I had taken care to keep abselutely still with- 
out suspecting that I had already perhaps lost the use of my limbs. At, 
24,600 feet the condition of torpor which overcomes one is extraordinary, 
Body and mind become feebler little by little, gradually and insensibly. 
There is no suffering. On the contrary one feels an inward joy. There is 
no thought of the dangerous position; one rises and is glad to be rising, 
The vertigo of high altitude is not an empty word; but so far as I can judge 
from my own impressions this vertigo appears at the last moment, and: immed- 
lately preced# extinction, sudden, unexpected, and irristible. I soon felt 
myself so weak that I could not even turn my head to look at my companions. 
I wished to take hold of the oxygen tube but found that I could not move ny 
arms. My mind was still clear, however, and I watched my aneroid with ny 
eyes fixed on the needles which soon pointed to 290 mm, and then to 280. 

I wished to call that we are now at 26,000 feet, but m tongue was paralyzed, 
All at once Imut my eyes and fell down powerless and fant all further mem- 
ory. It was about 1:30." The balloan ascended 28,820 feet and then de- 
seended. Tissandier recovered but his companions lost.their lives in the 
ascent. These extreme cases are cited here in order to brinz to the 
attention of aviators the risk in going to extremely high altitudes without 
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oxygen. 


THE CAUSE OF THE SYMPTOMS OF MOUNTAIN SICKNESS. 
| EET A REET le GLE TNS EP TRIN IOY HNO SEaO ST 
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The essential cause of altitude sickness is lack of oxygen. The 
probability of this explanation was first clearly pointed out by Jourdanet 
but it wes Paul Bert in 1878 who first furnished clear experimental proof 
that the abnormal symptoms and dangers depend on the imperfect aeration of 
the arterial blood with oxygen. He concluded that all the symptoms are 
Simply those of want of oxygen. Later observers, however, questioned this 
conclusion and attributed the symptoms in whole or in part to other causes. 
Mosso attributed many of the symptoms to the lack of carbon dioxide while 
Kronecker has invoked mechanical factors as a cause. The evidence accumu-~ 
lated by more recent workers, both on mountains and in pneumatic chambers, 
have definitely confirmed Paul Bert's conclusion. 


The call for oxygen in the body comes from the active cells of the 
tissues. It has been evident for sometime that the place of oxidation is 
ia the cells and not in the blood as was formerly maintaincd. Complete de- 
privation of oxygen results in asphyxiation and death. The question that 
naturally arises is: Is the quantity of oxygen taken up by the cell, con- 
ditioned primarily by the needs of the cell or by the supply of oxygen? 
This has been answered clearly; the cell takes what it needs and leaves the 
rest. Therefore, it is important that sufficient oxygen be available in 
the blood when the demand is made by the tissues. The rate of flow and 
the amount of oxygen passing from the blood to the tissues depends on the 
difference between the pressure of oxygen in the blood and in the tissue. 
The higher the oxygen pressure in the blood the greater will be the amount 
of oxygen passing from the blood of the capillaries into the tissues in a 
given unit of time. Oxygen diffuses from the place of higher pressure to 
the plece of no pressure or low pressure. In the active tissues the oxygen 
tension is always low and it is usually supposed there is then no oxygen 
pressure at all inside the cells. The dissociation of oxygen from the 
hemoglobin of the blood occurs with great rapidity but it is greatest where 
the differences in pressure are greatest. It follows, therefore, that the 
oxygen pressure in the blood must be sufficiently high to supply the needs 
of the cell in the brief interval of time that the blood is passing through 
the capillaries, 


There are many ways in which the oxygen supply of the body may be re- 
duced. Whatever the method used there will occur compensatory adaptive 
reactions in the blood, the breathing, and the circulation for the purpose 
of furnishing the oxygen needed by the cell. Reduction of oxygen available 
to the tissue might be brought about by blood letting and anemia; by the 
administration of carbon monoxide or sodium cyanid; by life on high moun- 
tains, in a balloon, in an aeroplane at high altitudes, or in pneumatic 
Cabinets at reduced pressure; by the artificial restriction of the free 
influx of atmospheric air into the lungs; and by artifical pneumothorax. 
Any ot these methods, if carried beyond a certain point, is knowm to pro-= 
duce death. If, on the other hand they are only carried far enough to give 
a mild oxygen hunger the body will, as a rule, react so as to compensate for 
the reduction in the oxygen supply. 


In blood letting, which produces an artificial anemie, the percentage ol’ 
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oxygen in the venous blood may be reduced from the normal twelve volumes 
per cent to four or even three per cent. In animals thus treated both the 
circulation and the breathing will show compensatory activity. In cases 

of anemia with a twenty per cent reduction in hemoglobin an increased pulse 
rate and an increased respiration will be observed. In cases of poisoning 
with carbon monoxide and sodium cyanid there will likewise be modifications 
in the blood flow and respiration. Kholer compressed the trachea of rabbits 
by tieing a lead wire around it. The animals recovered from the operation 
and lived four weeks. Apparently to compensate for the interference in 
breathing, there was an increased rate of respiration and heart activity 
which made good the oxygen needs of the organism. In case of artificial 
pneumothorax the hemoglobin of the blood has been shown to increase, the 
pulse rate te accelerate, and the respiration to deepen. We shall discuss 
leter the adaptive changes which fit tho human mechanism for high altitudes. 
These adaptive reactions are also seen in the blood, in the breathing, and 
in the circulation. 


While all of the tissues of the body are sensitive, the nervous tissues 
are the most ‘sensitive to oxygen want. The adaptive rosponses to a lack of 
oxygen are undoubtedly initiated in the central nervous system. Gaser and 
Loevenhart find that all of the medullary centers in the brain respond in 
the same way; first by stimulation and they by depression. | 


The more definite adaptive altitude changes disclosed by experiments 
aro; 1. An increase in the percentage and the total amount of hemoglobin 
in the blood of the body and also associated with this a redistribution of 
the red corpuscles whereby a reserve supply is thrown into the general cir- 
culation; 2. A fall in the lung alveolar carbon dioxide pressure, and a 
rise in the alveolar oxygen pressure, the result of increased ventilation 
of the lungs duo to deeper breathing; 3. A rise in the arterial 
blood oxygen pressure which provides a partial pressure of oxygen in the 
blood much above the alveolar oxygen pressure in the lungs; 4. An increase 
in the rate of blood flow. Each of these adaptive changes clearly assure 
@ more adcquate supply of oxygen for, the tissues. The blood changes provide 
for more oxygen in a given unit volume of blood. The greater ventilation 
of the lungs permits a more thorough saturation of the hemoglobin with 
oxyzen than would be possible if the oxygen pressure in the lungs decreased 
proportionately with the fall in barometric pressure. The rise in arterial 
blood oxygen pressure also means a greater saturation of the hemoglobin. 
The more rapid rate of blood flow raises to a limited extent the oxygen 
préssure in the blood passing through the tissues. A discussion of these 
adaptive changes follows: 


THE CHANGES IN THE BLOOD OF MAN AT HIGH ALTITUDE. 
—aaoooooooaoaoaoaoaoaoaoaoaoaoaoaoaoaoaoaoaoaoaoaaaaoaoaoaooaoooaaaaaaaaao——————————— 


It has long been known that the effect of life at high altitudes is to 
cause an increase in the number of red corpuscles per cubic millimeter of 
blood and an increase in the hemoglobin percentage of the blood. In 1878 
Paul Bert predicted that the blood of man and animals living at high alti- 
tudes would be found to have a greater oxygen capacity than that of corres- 
ponding individuals living at lower levels. He surmised that the cause of 
this increase in the oxygen carrying power of the blood would be found to be 
the decrease in the partial pressure of the oxygen in the atmosphere respired. 
In 1882 he gave an account of some experiments in which the blood obtained 
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from animals living at a high altitude in Bolivia was found to contain a 
larger percentage of oxygen than did blood taken from enimals at sea-level. 
A little later, in 1890, Viault observed the increase in the number of red 

_ corpuscles per cubic millimeter of blood in himself and his companions 
during a three weeks visit in Peru at an altitude of 14,400 feet. Numerous 
subsequent observations which have dealt with these phenomena have confirmed 
beyond question the earlier data. The following figures illustrate the 
differences observed in mankind living at different altitudes: 


1. The red corpuscles vary at sea-level between 4.5 and 5.4 millions 
per cubic millimeter; at Colorado Springs, altitude 6,000 feet, between 5.5 
and 6.3 millions; and on Pike's Peak, altitude 14,110 feet, between 6 and 
8.2 millions. 


2. The percentage of hemoglobin at sea-level varies between 94 and 106, 
average 100; in Colorado Springe, 105 to 118, average 110; and on Pike's 
Peak, 120 to 154, average 144, 


Se The percentase of oxygen capacity in the blood at sea-level varies 
between 17 and 18.7; in Colorado Springs, 20 and 21.7; and on Pike's Peek, 
approximately 27.4. 


Miss Fitzgerald has found that for every 100 mm. fall in atmospheric 

_ pressure there is an average rise of about ten per cent in hemoglobin and 
that this rise is approximately the same for women and men. There are great- 
er individual variations in the total increase. It is possible that under 

@ pressure greater than atmospheric the hemoglobin would fall below one 
hundred per cent. The observations of ifadam Bornstein on animals have 
apparently shown a decrease in the percentage of hemoglobin when they were 
exposed to a pressure greater than atmospheric. 


Incidentally it is interesting to note that the blood of the people 
living at high altitudes fails to show an increase in leucocytes but does 
show an increase in the lymphocyte index. Thus, at sea-level this index 
averages 357; at Colerado Springs (6,000 feet) 42.5; and on Pike's Peak 
(14,110 feet) 50. An increase in the number of blood platelets as well as 
in the specific gravity of the blood has been observed. The following 
illustrates the increase in specific gravity; at Colorado Springs 1.067; 
after six months residence on Pike's Peak, 1.073. 


THE SEQUENCE IN THE BLOOD CHANGES DURING A PERIOD OF RESIDENCE AT HIGH 
ALTITUDE: The facts so far given are those obtained from the study of people 
who are acclimatized to the altitude in which they are living. On passing 
from a low to a high altitude some time is required to react to the low 

' oxygen of the new altitude. On ascending passively to such an altitude as 
14,000 feet it has been found that immediately after arriving no change cen 
be detected in the number of red corpuscles and the percentaze of hemoglobin. 
Just when the changes begin has not been determined, but usually within 
twenty-four hours a marked increase in both will be present. A rapid increase 
in the number of red corpuscles and percentage of hemoglobin occurs during 
the first two to four days of residence, then follows a more gradual in- 
crease extending over three to five, or more, weeks. These changes are 
illustrated in the following table: 
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Views differ as to the mechanism by which the chanzes in hemoglobin and 
red corpuscles are brought about. These views may be conveniently divided 
into three main classes; 1. Those theories which insist that the increase 
in hemegiobin and red corpuscles is real and not merely relative; two ex- 
planations of the increase have been proposed: (a) that the increase is due 


‘to increases activity of the bleod forming organs resulting in an increase 
¥ Ly 6 & 


in the hemoglobin and red corpuscles; (b} that the increase is due to a 
lengthening of the life of the corpuscles; 2. The concentration theories 
according to which the increase in hemoglobin and red corpuscles per unit 
volume is due to increased concentration of the blood. According to this 
view the increase in both is only apparent end there is no increase in the 


» total number of red corpuscles and the amount of hemoglobin in the body; 


Se It has been held that the increase in hemoglobin and corpuscles is due 

to unequal distribution of the red corpuscles. They are supposed to be 
more numerous in the blood of the capillaries and smaller vessels and less 
nuné¢rous in the large vsesels. This view has net been supported experimen- 
tally and may be considered untenable. It has further been supposed that 
there exists in the bedy a reserve or dormant supply of red corpuscles 
which is drawn upon at high altitudes. The discussion at issue seems to 
permit the following conclusion: The initial rapid increase in hemoglobin 
and red corpuscles is brought about in part by the passing into the systemic 
circulation of a large number of red corpuscles that under ordinary circun- 
stances et low altitudes are sidetracked and inactive, and in part by a con- 
centration resulting from a loss of fluid from the blood. The more gradual 
increase in red corpuscles and hemoglobin extending over several weeks is 
brought about by an increased activity of the blood forming centers so that 
there results an actual increase in the total number of corpuscles and the 
amount of hemoglobin. The evidence for the above statement can be briefly 


“summarized. Schneider and Havens have shown that abdominal massage and 


physical exertion at low altitudes cause an increase in the number of red 
Corpuscles and hemogiobin in the peripheral capillaries; while in men, 
partially or wholly acclimatized to a high altitude, abdominal massage either 
dees not change or lowers the content of hemoglobin and red corpuscles and 


physical exertion fails to cause an increase. This failure to obtain an 
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increase at high altitude may be accounted for on the assumption that the 
need for oxygen has called into permanent circulation the reserve supply 
of corpuscles that is present at low altitude. That an actual concentra- 
tion of the blood occurs during the first few days of residence at high 
altitude was proven for three subjects by Douglas, Haldane, Henderson, 

and Schneider during an investigation made on Pike's Peak. One of their 
subjects had, after a few days of residence, about a fifteen per cent 
increase in hemoglobin and a total blood volume 10.8 per cent less than 

at Colorado Springs (altitude 6,000 feet), Dreyer and Walker, reviewing 
Abderhalden's data, found that a little less than half of a twenty-five 

per cent increase of the hemoglobin in rabbits, that Abderhalden con- 
cluded was due to concentration, was actually a result of concentration, 
while the balance of it was to be explained by a new formation of hemo- 
globine That there is also an active new formation of hemoglobin and red 
Corpuscles is indicated by several researches. Thus, Zuntz and co-workers | 
found, on comparing stained sections of bone-marrow taken from dogs, one 
group of which has been kept at sea-level and the second at a high alti- 
tude, that the latter show a decrease in fat cells and an. increase in the 
blood elements. This, they concluded, indicated increased activity of the 
corpuscle producing centers at the high altitude. Douglass, Haldane, 
Henderson, and Schneider, by the carbon monoxide method of Haldane and 
Lorraine Smith, found that during a residence of five weeks on Pike's Peak 
(altitude 14,110 feet) four men had a large increase in the total amount of 
hemoglobin and also an increase in the total volume of blood. Lequer found 
that dogs deprived of hemoglobin of half of their blood supply regenerated 
it in about sixteen days on Monte Rosa, while at a low altitude twenty-seven 
days were required for the restoration after a similar hemorrhage. 


It has been shown in studies on Pike's Peak that the increase in Hemo- 
globin and red corpuscles for an individual is not the same during several 
trips and sojourns at that altitude. The increase occurs most rapidly when 
the subject is in excellent physical condition. If prior to the ascent 
‘his life has been sedentary and he is known to be physically unfit the 
. Changes will be slow in beginning and the increase, when followed day by 

-day, will be moderate or slight, If, on the other hand, the subject has. 
taken regular physical exercise and is in excellent condition or physically 
fit there will be a decided rise in both hemoglobin and red corpuscles in 
the first twenty-four hours spent at the high altitude. It has also been 
shown that fatigue, induced by walking up a mountain, delays the increase 
in hemoglobin and red corpuscles. The lesson to be gained from these ob- 
Servations is that physical fitness qualifies the subject to react quickly 
when under the influence of the low oxygen at high altitudes. 


CIRCULATION AT HIGH ALTITUDES 


There has been a great interest in the problem of circulation at high 
altitudes. Many persons, e specially those with weak hearts, have an un- 
warranted fear of high altitudes because they have been informed that they 
injure the heart. The early studies have been of a fragmentary nature, the 
observations being confined wholly to a study of pulse rate and the systolic 
blood pressure. It has recently been shown that there is an increased rate 
of blood flow at very high altitudes, This is a compensatory reaction which 
will insure to the tissues a more adequate blood supply. A more rapid rate 
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of blood flow will raise to a limited extent the oxygen pressure in the 
blood passing through the capillaries and so insure better oxidation 

within the tissues. The recent investigations have included observations 

on the pulse rate, arterial pressures, capillary pressure, and venous 

blood pressure. Indirect methods have also been employed with the hope 

of determining the output of the heart per beat as well as the raté of blood 
flow through the lungs and other tissues. 


THE PULSE RATE: Of all the circulatory changes due to dimished barometric 
pressure the acceleration of the heart rate is the most noticeable. The 

ha jority of the earlier records are from studies made of men who had under- 
gone considerable physical exertion in climbing a mountain. The fatigue 
thus induced has obscured the early influence of 2ltitude. Therefore, in 
order to understand the reaction of the heart it is necessary to eliminate 
all extraneous modifying influences such as fatigue and cold. Pike's 

Peak offers an excellent opportunity for such Alpine Physiological studies, 
because men may be carried up passively by railway or in an automobile. 


It is generally recognized that at moderately high altitudes, 6,000 to 
8,000 feet or even 9,000 feet, the inhabitants do not show an augmentation 
in heart rate. There is considerable variation in pulse rate of different 
healthy individuals at sea-level. Thus it was found that athletes in Oxford 
had rates which may be considered normal that range between 44 and 80. 

In a study of medical students at Cambridge the range was between 47 and 90. 
The same limits will be found in men acclimated to the moderate altitudes. 


On ascending passively to a high altitude such as 14,000 feet there is 
at first no noticeable increase in the rate of heart beat. What happens after 
‘the ascent: depends on the condition of the subject. If he has ascended 
much beyond what has been spoken of as thec ritical altitude line for the 
individual an attack of mountain sickness is to be expected. If he has not 
passed his critical line, or only reached it, his pulse rate will continue 
for some hours at the tempo-common to it at the lower altitude. Any exer- 
tion will obscure the altitude reaction; if, however, he remains quiet, by 
the next morning, even while still in bed, the pulse rate will be slightly 
accelerated. Each successive morning for three to five days the rate will 
be found to be somewhat greater than on the previous morning. The follow- 
ing example illustrates the amount of change: Thus one subject who had in 
Colorado Springs (altitude 6,000 feet) an average early morning rate of 53, 
had on Pike's Peak the first morning a rate of 58; the second 60; the third 
63; and the fourth 66. In those who are influenced by altitude sickness 
the story is different. The heart accelerates as the attack of mountain 
Sickness comes on and the early morning pulse rate may have reached its 
Maximum by the first morning. As the attack passes off the heart will slow. 
An example of this reaction is found in the following subject who had in 
Colorado Springs an average early morning pulse rate of 61. He became 
mountain sick six hours after arriving at the summit of Pike's Peak. His 
pulse rate the next morning was 89, slowing to 80 the second; to 78 the 
third; and to 72 on the fifth morning. In men who undergo the exertim of 
Climbing a mountain the pulse rate reaction is quite like that observed in 
those who become mountain sick. The increase in the heart rate has been 
found to range from 30 to 74 per cent. The amount of acceleration at high 
altitudes is determined to some extent by physical fitness. There will be 
less acceleration in the man who is in the pink of condition while the 
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augmentation is great in those who had been leading a sedentary life and 
are physically below par. The daily mean pulse rate for men at high alti- 
tudes shows approximately the same proportionate increase as the early 
morning pulse rate does when comparéd with rates experienced at lower 
altitudes. The influence of posture upon pulse rate has been investigated 
and it has been established that the heart is not necessarily more irritable 
to changes in body position at high than at low altitudes. In general it 
may be said that the heart works at an increased rate in all postures at 
the high altitude. The amount of increase in the pulse rate differs with 
individuals. Some men will show at the high altitude, such as }4000 feet, 
an acceleration of only a few beats over the low altitude rate, while 
others shay an increase of ten or more beats per minute. 


During a sojourn at a high altitude the pulse rate may show a gradu- 
al daily increase for a period of one to two weeks, ordinarily not more 
than one week. With longer residence there is a tendency to return toward 
the low altitude rate. It appears that the slowing of the heart takes 
place as other adaptive changes reach their maximum efficiency. Rarely 
does the pulse rate return completely to the normal rate of the low altitude. 


ARTERTAL PRESSURES: In recent years stress has been laid on blood pressure 
findings at high altitudes, the value of which has undoubtedly been over- 
estimated. Just what normal blood pressures are at sea-level is a matter 
concerning which there is the widest diversity of opinion. Janeway states 
that "in the great majority of young males, 100 to 130 mm, will be founda", 
and names the normal diastolic pressure as from 65 to 110. Faught states 
that 120 may be taken as the normal systolic pressure in the male at the 
age of twenty and adds one millimeter for every additional two years of 
‘life. He believes that the question as to what variations from this are 
normal can not be definitely answered but suggests 17 mm. above or below, 
or a total variation of 34. The most satisfactory data on blood pressures, 
as far as the interpretation of altitude effect is concerned, is that ob- 
tained from observations made upon the same men at both a low and a high 
altitude. Such comparisons have been made on Pike's Peak. Data, accumu- 
lated during a period of more than five years in the Laboratory at Colorado 
College in Colorado Springs, show that at an altitude of 6,000 feet the 
Systolic pressure is in the majority of young men less than 120 mm. and 
falls within the range given by Janeway. The diastolic pressure likewise 
corresponds to that observed in young men at sea-level. We may conclude 
then that at moderate altitudes, normal healthy young men show the same 
range and distribution of pressures as do young men at sea-level. 


Many physicians still believe that at high altitudes, such as 14,000 
feet, the blood pressure increases simultaneously with the decrease in 
atmospheric pressure and they conclude that this increase means injury, 
especially to the weakened heart. The investigations of the more recent 
years show that this opinion is untenable. The observations on Pike's Peak 
which extend over a number of years and which were made upon men who as- 
cended the mountain passively show that in those who react well to the alti- 
tude the changes were surprisingly slight, in fact, they were so slight that 
they fall for the most part within the errors of observations, Schneider 
and Sisco concluded that for many, and very likely the vast majority of 
healthy men, an altitude of 14,000 feet does not influence the arterial blood 
pressures. In a certain but as yet undetermined percentage of men this 
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altitude will cause a demonstrable fall and in exceptional men, particularly 
those who do not react well to the high altitude, will bring about a rise 
in the arterial pressures. 


During an attack of mountain sickness there will be manifested a dis- 
turbance in circulation as shown by the definite rise in the arterial 
pressures, Thus in one subject the following changes in pressure were noted 
during and after an attack of mountain sickness: In Colorado Springs, 

6,000 feet, he averaged in systolic pressure 118, and in diastolic 85. 

On going to the summit of Pike's Peak he was ill with mountain sickness the 
first varee cays, during which time his systolic pressure averaged 129, 

and the diastolic pressure 91. However, by the morning of the fourth day 
he was decidedly better, in fact, had recovered and during the next three 
days his systolic pressure averaged 116, and the diastolic 84. The fear of 
high altitudes undoubtedly is a result of over-amphasis of the circulatory 
conditions observed during the early days spent at a high altitude when the 
organism has not as yet accomodated itself to the new conditions of environ- 
ment. Certainly efter adjustment the blood pressures do not show an impor- 
‘tant change. 


VENOUS BLOOD PRESSURE: Venous pressures have not received the same amount 
of attention at either high or low altitudes as have the arterial pressures. 
It is ondy in recent years that satisfactory methods of observing venous 
pressure have been available. Hooker in Baltimore finds that in healthy 
men the venous pressure varies or ranges between two and sixteen contimeters 
of water. Schneider and Sisco found the same pressures may be considered .~ 
as normal on healthy young men at an altitude of 6,000 feet. On Pike's 
Peak they find a marked fall of between twenty and eighty-seven per cent . 

in the venous pressure of healthy young men. The changes in venous pressure 
occurred slowly, in fact, in some of their subjects the pressure was some- 
what higher during the first half day spent at the higher altitude. While 
the venous pressure was shown to fall they found the venous supply of blood 
and the venous pressure remained sufficient at the altitude to give a maxi- 
mum efficiency of heart beat. 


CAPILLARY BLOOD PRESSURE: Lombard has shown for low altitudes that the most 
compressible capillaries disappear at a pressure between fifteen and twenty- 
five millimeters of mercury. The average capillary between thirty-five and 
forty-five millimeters, and the most resisting capillaries between sixty 
and seventy millimeters. On Pike's Peak the cepillary pressures were in 
Some men slightly lower than when at an altitude of 6,000 feet, while in 
others the capillary pressures were unaffected by altitude. 


It has been frequently claimed that bleeding from the nose, lips, gums, 
lungs, and stomach is a common experience at high altitudes and this has 
been attributed to increased capillary pressure. The above observations 
show this conclusion to be incorrect, Among-the thousand of people that 
ascend Pike's Peak every summer there occur only a few cases of hemorrhage 
and these are of the nose only. Such cases are so rare that doubt would be 
thrown on the usual explanation, even in the absence of positive proof that 
capillary pressure is not increased with altitude. 


THE OUTPUT OF THE HEART AND THE RATE OF BLOOD FLOW: Attempts made to de- 
termine the output of blood per beat from the heart have not been very 
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successful. By use of the recoil method of Yandell Henderson the mass 
movement of the blood has been studied on Pike's Peak. The observations 
indicate that the output of the heart is either the same as at low altitude 
or may be slightly less, It is assumed that the pulse pressure is an in- 
dex of the heart output per boat. Since it has been shown that the pulse 
pressure is the same at the high and low altitudes for particular subjects 
under observation we may be permitted to conclude that the output of the 
heart is unchanged with altitude. If the pulse rate be multiplied by the 
pulse pressure and the product be taken as a relative measure of the 
volume of the blood stream per minute, a marked increase in the circulation 
rate is indicated for high altitudes. 


That the rate of blood flow is increased with altitude has been shown 
by two researches. Schneider and Sisco used Stewart's calorimeters to de- 
‘termine the rate of the blood flow through the hands. The method determines 
the amount of heat given off by the resting hand in a given time and in- 
directly, the temperatures of the arterial and venous blood. With these 
datu it is possible to calculate how much blood has passed through the hand 
in order that it might give off a determined amount of heat. By this method 
the blood flow through 100 c.c. of hand volume was shown to be from 30 to 
70 per cent greater, in six men studied, on the summit of Pike's Peak than 
in Colorado Springs. Kuhn on. Monte Rosa also has demonstrated, by calcula- 
tions made from determinations of the oxygen capacity of the blood, the 
total oxygen consumption, and the pulse rate, that the per minute output 
of the heart is increased at that high altitude. 


WHAT CAUSES THE CIRCULATORY CHANGES REPORTED AND THE INCREASED RATE IN FLOW? 
All adaptive changes occurring at high altitudes scem to be for the purpose 
of supplying a more adequate supply of oxygen for the tissues. If, there- 
fore, oxygen want is the cause of the observed increase in the flow of the 
blood, it is to be expected that the inhalation of pure oxygen while at the 
high altitude may so benefit the body as to retard the heart and diminish 
the rate-of the blood flow. Schneider and Sisco found that the breathing of 
an oxygen rich mixture, while on Pike's Peak, slowed the heart appreciably 
and diminished the rate of the blood flow through the hands; from which we 
may conclude that lack of oxygen calls forth certain definite circulatory 
responses in men for the purpose of increasing the rate of blood flow, in . 
order that the oxygen pressure may be sufficient to furnish the tissues 

With the oxygen needed as the blood passes through the capillaries. 


THE EFFECTS OF PHYSICAL EXERTION ON THE PULSE RATE AND THE BLOOD PRESSURES 
AT HIGH ALTITUDE: The normal circulatory conditions for the majority of 
men at high altitudes are an increased rate of heart beat and an unchanged, 
or slightly lowered, arterial pressure, and a lowered venous pressure. 

All investigators have found that a more marked increase in the pulse rate 
occurs during work at a high than results with the same exertion at a low 
altitude. Just what height must be reached before altitude accelerates 

the exercise pulse rate has not been definitely determined but the in- 
habitants at 6,000 feet show no noticeable exercise altitude effect. _ 
Observations on the after-effects of walking for 15 minutes at the rate of 

3 and 4 miles per hour, show clearly that physical exertion accelerates 

the heart more at a high than at a low altitude and that the influence is 
disproportionately increased as the amount of work in increased. The 

effect of the lowered barometric pressure is manifest not only in the great- 
er acceleration of the heart but in the great extention in the time required 
for the rate to return to the normal after work has ceased. Furthermore, 
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these altitude reactions are greatest during the first days and become 
less as the individual becomes acclimated. The arterial pressures will be 
higher after a given rate of walking at a high altitude than after the 
Same amount of work at a lower altitude. Here likewise the greater the 


exertion the more pronounced is the influence of lowered barometric pressure. 


In physically fit men the effect of altitude is much less. The facts show 
that the heart and the blood vessels undergo a greater strain under exer- 
tion at the high than is experienced for the same form of exercise at low 
altitudes. The excessive response of the circulatory mechanism during and 
immediately following physical work is greatest during the first days; and 
decreases, particularly for moderate exertion, as the bodily changes of the 
acclimatization progress. For persons in excellent physical condition 

and who havé reacted well to the altitude the changes of the acclimatiza- 
tion will permit of moderation exertion without a lowered barometric 
pressure manifesting itself by the more pronounced acceleration of heart 
rate and increased blood pressure. The evidence at hand makes it probable 
that in vigorous work, even in those who are best adapted to the high al- 
titude, one will continue to get a more pronounced reaction than would 
occur at a low altitude. In order that the effects of acclimatization may 
be better understood the following examples of the circulatory effects of 
altitude are given: Walking for 15 mimutes at the rate of 3 miles an hour 
in Colorado Springs ene subject had the following changes: an. increase of 
(11 beats in pulse rate and no change in systolic and diastolic pressures. 
During the first day spent on Pike's Peak a similar walk accelerated the 
pulse 54 beats, caused a rise in the systolic pressure of 28 mm., and in 
the diastolic 4 mm. On the fourth day of residence this amount of work 
accelerated the pulse only 24 beats, increased the systolic pressure 8 mM. , 
and did not affect the diastolic pressure. This: same subject, walking at 
the rate of 4 miles per hour, for 15 minutes in Colorado Springs, had the 
following reactions: average increase in pulse 24 beats, systolic pressure 
6 mm., and diastolic pressure 1 mm. The first day spent on Pike's Peak 
this amount of exercise accelerated the pulse 61 beats, systolic pressure 
44 mi., and diastolic pressure 7 mm. On the fourth day the pulse increased 
54 beats, systolic 23 mm., and diastolic 4 mm. These observations suggest 
that it would be best to avoid physical work during the first days spent at 
very high altitudes. 


It is to be expected that living at a high altitude, especially when 
much physical work is done, will increase the weight of the heart, for all 
muscular exertion tends to increase the weight of the heart and the result 
of the work at high altitudes would accentuate the tendency. Strohl conm- 
pared the heart of Alpine snow-birds living at altitudes ranging from 6,700 
to 10,000 with the Moor snow bird which is not found above 2,000 feet, and 
found that the average weight of the heart of the Alpine snow bird was 
about 46 per cent heavier than that of the Moor bird. The hypertrophy of 
the right was greater than that of the left ventricle. He made or observa- 
tion of considerable interest in which he found that the heart of a young 
Alpine snow bird, one and a half months old, had the same proportions in 
weight as that of the Moor snow bird, which suggests that the differences 
ordinarily observed at the two altitudes are due to the greater circulatory 
reactions called forth during muscular work at the high altitude. 


RESPIRATION AT HIGH ALTITUDE. 
——— 


It has been known since the researches by Haldane and pupils that the 
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volume of fresh air taken into the lungs per minute during rest is so 
regulated as to keep the partial pressure of carbon dioxide in the alveoler 
air practically constant for the individual, Therefore, the carbon dioxide 
content of the alveolar air is taken as an index of lung ventilation. The 
breathing, however, is dependent on the integrity of a very small area, 

the respiratory center, of the brain in the medulla oblongata. The reaction 
of this center is regarded as automatic and any interference with its supply 
of properly aerated blood causes greatly increased activity and thereby in- 
creased breathing. Carbon dioxide in the blood is the stimulant which ex- 
cites this nervous center of our respiratory mechanism and maintains its 
regular action. There is no doubt that slight changes in carbon dioxide 

in the blood affect the respiratory center. The effects of these changes 
are rapid and marked when in laboratory experiments with animals all the 
hervous connections between the lungs and the respiratory center are severed. 
A decrease in the amount of oxygen in the blood will also affect the respira- 
tory center. It is generally held that the amount of oxygen must be marked- 
ly lowered before the respiratory center begins to be stimulated by the de- 

_ Grease in oxygen. For our present purposes, the explanation of the breath- 
ing changes at high altitudes, attention may be centered on the carbon dioxide 
content of the blood and in the alveoli of the lungs. Both the percentage 
of oxygen and that of carbon dioxide are very constant in the alveolar air 
in spite of great changes in the amount of oxygen gonsumed and carbon 
dioxide given off by the body. Since the volume of fresh air taken into the 
lungs per minute is so regulated as to keep the partial pressure of carbon 
dioxide in the alveolar air practically constant for each individual (at 
about 40 mm. for adult men at sea-level) the alveolar ventilation must vary 
according to the mass of carbon dioxide given off. Even during muscular. 
work this rule holds approximately true under ordinary conditions. A dim- 
inution in the alveolar carbon dioxide pressure has been found to indicate 
4n increase in the lung ventilation, while an increase in carbon dioxide 
Means lessened ventilation and a reduction in alveolar oxygen. 


The ventilation of the lungs for people dwelling at high altitudes is 
greater than that of mankind living at sea-level. On going from sea-level 
to an altitude of 6,000 feet, with a fall of about 145 mm. from normal in 
barometric pressure, the alveolar carbon dioxide pressure is lowered about 
4 mm.; and on further ascending to the summit of Pike's Peak (14,110 feet) 
with an added decrease of about 160 mm, in barometric pressure, the alveolar 
carbon dioxide pressure falls on an average about 10 mm, more, This is a 
little more than a thirty per cent decrease and indicates a corresponding 
increase in the breathing. The full extent of the fall takes about 2 weeks 
to develop and thereafter the carbon dioxide pressure will remain practically 
steady ° : 


If the same alveolar carbon dioxide pressure were to be maintained on 
Pike's Peak with a barometric pressure of about 457 mn, that is normal at 
-8ea-level there would be a marked shortage of oxygen. This would be true 
because a deficiency of oxygen in the alveolar air always runs parallel to 
the excess in carbon dioxide. If the carbon dioxide pressure remained at 
40 ma. while the atmospheric pressure had fallen from 760 to 457 mm, it 
would amount to a relative increase of about 27 per cent in the carbon 
dioxide. and a similar decrease in oxygen. The partial pressure of oxygen 
in the alveolar air would therefore be about 50 mm. lower than in the 
inspired air. Allowing for the pressure of aqueous vapor at body temperature 
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it is found that the pressure of oxygen in the lungs at the altitude of 
Pike's Peak would be 36 mm. This is an oxygen pressure which would be fqund 
if dry alveolar air contained only five per cent of Oxygen at normal atmos- 
pheric pressure and it is know that marked symptoms of want of oxygen are 
ordinarily produced under such conditions. Parallel with the fall of about 
13 mm. in the alveolar carbon dioxide pressure on Pike's Peak ther occurs a 
rise in the alveolar oxygen pressure of a little more than 16 mm. so that 
the alveolar oxygen pressure at that altitude is about 52 m. This rise 

in the oxygen above what might be expected when carbon dioxide remains un- 
changed is due to increased breathing. 


On going to a very high altitude the breathing is increased at once and 
the alveolar carbon dioxide pressure falls correspondingly, but if the al- 
titude is only very moderate there is at first no effect on the breathing. 
After some days, however, it will be found that the alveolar carbon dioxide 
pressure has fallen indicating that the breathing is deeper. The fall 
reaches a certain amount and the breathing a certain depth, depending on 
the altitude, and then ceases. Studies on persons residing permanently at 
different altitudes show that there is a progressive decrease in the al- 
veolar carbon dioxide pressure corresponding to increase in altitude. For 
every fall of 100 mm. of barometric pressure there is approximately a fall 
of 4.2 mm. in the pressure in the alveolar carbon dioxide, There is like- 
wise @ progressive fall in the oxygen pressure, but this does not follow 
exactly the same ratio as the carbon dioxide changes. The following 
illustrates alveolar air altitude changes: 


Barometer Carbon Dioxide Pressure Oxygen Pressure 
Sea-Level 760 : 40 mm. 100 mn. 
6,000 feet 615 a LD ae 
14,100 " 458 Shey is. ad 
24,600 " 312 ik ide of held 


That the diminution in carbon dioxide is a response to the diminished oxygen 
pressure there can be no doubt. If the barometric pressure is kept steady 
and the oxygen pressure is diminished by lowering the percentage of oxygen 

the results are precisely the same as those obtained with changes in altitude. 


Since the content of carbon dio. ide and oxygen in the lung alveoli give 
an index of the total ventilation of the lungs in breathing, frequent chemi- 
cal analyses of the alveolar air during and after an ascent will indicate how 
much the breathing is increasing. As stated above the breathing responds 
at once as an ascent is made, but the changes are not completed for several 
weeks. The following data will illustrate the rate of change: 


Percentage of Gases :; Partial Pressure of 


in alveolar air gases in alveolar air 


CO. 4 Oo : CO, : Oo 
Pennetta snmp sonal neetrpraonet oan faci temi pecan seedmopebsoising 

Sea-level ' 5.50: 14.08 ; 39.6 : 100.4 
Colorado Springs CiGe Lege te SPS 73.8 
Pike's Peak (14,110 

feet, 40 minutes 

after arrival 7.8 bi mer Bk eR yO 
Second day 7.52 : 11.38 * Solel : 47.1 
Fourth " a OES OG OME PRESS E's ys J 46.6 
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In physiology it is found that the action of gases within the body is 
determined by the pressure and not by the percentage of gas. The above 

table shows that the percentage of alveolar carbon dioxide rises with the 
altitude, but as its partial pressure is determined by the barometric 
Pressure we find that there is a fall in the alveolar cerbon dioxide partial 
pressure as altitude increases. Ags the partial pressure of carbon dioxide 

in the alveolar air is about a third less (about 27 mm. as compared with 

40 mm.) on Pikes! Peak than at sea-level, it is evident that the alveolar 
ventilation during rest for an equal production of carbon dioxide is about 

oO per cent zreater than on Pike's Peak, Actual measirements show that the 
volume of air breathed by a subject on Pike's Peak is 27 per cent greater 
during rest in bed, about 31 per cent greater when standing at rest, about 

50 per cent greater when walking at the rate of four and one half miles 

per hour, and 100 per cent greater during more severe exertion than for 
Similar experiences at sea-level. An increase of 30 to 50 per cent in the 
air breathed when the subject is at rest is not noticeable subjectively. 
During hard work, on the other hand, an increase of 50 per cent in alveolar 
ventilation is very noticeable since panting becomes éxcessive with a good 
deal muscular work. During hard work, even at sea-level, the depth of 
breathing is about maximal. Hence the increased alveolar ventilation at a 
high altitude during exertion implies a corresponding increase in the frequency 
of breath, with a corresponding increased sense of effort. It is clear, 
therefore, that at the high altitudes, such as 14,000 feet, there is excessive 
hyperpnoea on exertion. ‘The hyperpnoea is probably about three times greater 
than would be the case with a corresponding exertion at sea-level, Walking 
at the rate of 4 miles an hour at sea - level would cause no respiratory in- 
convenience, but the same work at 14,000 feet causes extreme and urgent 
hyperpnoea, Excessive hyperpnoea on exertion persists at 14,000 feet during 
the entire sojourn, but it becomes less marked after the first day or two. 


During inaction the breathing at high altitude is ordinarily modified 
only in depth. The rate of breathing at sea-level varies normally between 
14 and 18 breaths per minute. In many men this rate also continues at an 
altitude of 41,000 feet. During exertion the rate must increase since at 
sea-level for a given exercise the breathing is often maximal. It follows, 
therefore, that the same exertion at the high altitude, if it increases the 
total ventilation of the lungs, can only do so by increasing the rate of 
breathing. The following observations made on Pike's Peak clearly prove the 
above statement: The subject had breathed when in bed at sea-level at the 
rate of 16,8 breaths per minute, when on Pike's Peak 17.3; on standing at 
sea-level 17 breaths per minute, on Pike's Peak 20; walking at the rate of 
4 miles per hour at sea-level 17.2 breaths per minuts, on Pike's Peak 29; 
and at the rate of 5 miles per hour at sea-level 20 breaths per minuts, on 
Pike's Peak 36, 


To explain the fall in alveolar carbon dioxide pressure and the increased 
ventilation of the lungs at high altitudes it is necessary to consider the 
changes that occur in the blood. Greater: stress was laid by Mosso upon the 
diminished carbon dioxide in the breath, not because its diminution is of 
any importance in the breathing, but because this is the reflection of a 
lowered carbon dioxide pressure in the body generally. Want of carbon 
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dioxide would, other things being equal, effect the affinity of the blood 
for oxygen. Decreased carbon dioxide alone, in the blood, would increase 
the affinity of the blood for oxygen, however, with the incfease in altitude 
it is found that the affinity of the blood for oxygen remains approximately 
unaltered in spite of the lower carbon dioide tension. This suggests that, 
aS one ascends, the carbon dioxide in the blood is replaced by something 
else which produces an equal effect on the affinity of the hemoglobin for 
oxygen. A study of the dissociation curve of the blood made by Barcroft 

at various altitudes indicates that there is an increase in the acid radicals, 
or a deorease in the bases of the blood. The higher the altitude reached 
_the moré marked is the acidosis, but at any given altitude the acidosis and 
the diminution of carbon dioxide so nearly balance each other that the re- 
action of the blood remains practically constant. Only a very careful study 
has been able to show that the increase of acidity is slightly in excess of 
the loss of carbon dioxide. This would lower the affinity of the blood for 
Oxygen very slightly; but at the same time, the change would be sufficient 
to give the increased stimulation to the respiratory center, which would 
account for the increased ventilation of the lungs. What acid is responsi- 
ble for the acidosis in the blood at high altitudes has not yet been as- 
certained. It was once thought that lactic acid appeared in the blood 

with the acclimatization to high altitude, but this is not maintained at 
present. It may be that there is no increase of acid at all, but rather a 
diminution in the amount of alkali present. The fact that the alkalinity 

of the blood is diminished at high altitudes was first demonstrated by 
Galeoti in 1903. At that time it was already knowm that lactic acid is 
produced by an excessive muscular exertion as a consequence, no doubt, of 

a lack of oxygen in the active muscles and this suggested that lactic acid 
is formed when the organism experiences the oxygen want at high altitudes, 
But the excess of lactic acid formed during muscular exertion disappears 
again within an hour together with its effect on the alveolar carbon di- 
oxide pressure. If the diminished alkali of blood at high altitudes were 
Simply due to lactic acid formed in excess we should Similarly expect this 
dimished alkalinity to disappear and appear rapidly and would expect similar 
marked variation in the alveolar carbon dioxide pressure. The increase in 
acid in the blood and the lowering of the alveolar carbon dioxide, however, 
require days to develop, Vezar has shown that oxygen want increases the 
activity of the kidneys, which suggests that oxygen want so affects the 
kidney that it excretes alkali more freely. 4t certainly looks as if the 
blood and the breathing changes were due to some adaptive alteration in the 
regulation of blood alkalinity, "The fixed alkalinity of the body as a 
whole, including the blood, is evidently regulated normally by the action of 
the kidneys, although the liver, by varying the amount of ammonia in the 
blood, may also contribute to the regulation. A slight and gradual adaptive 
alteration, in what one may call the exciting threshold of alkalinity for 
the kidneys, would explain the reduced fixed alkalinity of the blood in 
acclimatised persons." The above observations, if correct, indicate that 
there is a loss of reserve alkalinity among the inhabitants of high alti- 
tudes which may place the body at a disadvantage in certain pathological 
Conditions, — | . 


O'THER ALTITUDE RESPIRATORY OBSERVATIONS: Periodic breathing is frequently 
observed among newcomers at very high altitudes--the type varying in 
different persons. It may occur in groups of three or four breaths, each 
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succedding breath being deeper than the preceding one and each group then 
followed by a pause in breathing; or theremay be no pause, the breaths 
occurring in groups of 6 to 10 in which there is a gradual increase in 
depth to the mid-point and then a gradual de crease. The periodic breath- 
ing often is initiated by muscular exertion and may ve started at any time by 
a few forced breaths or by holding the breath a few seconds, No doubt the 
spontaneous periodic breathing met with at the high altitudes depends upon 
went of oxygen in that it has been shown that it may be abolished by the 
administration of pure oxygen. Periodic breathing disappears in the majority 
of men as they become acclimated to the altitude. 


The ability hold the breath is decreased at high altitudes. 1+ has been 
found that when first arriving at 14,000 feet men may be able to hold the 
breath almost as long as at a low altitude. Day after day, for some time, 
it will tbe found that the voluntary effort of holding the breath becomes 
greater and that the period of holding grows shorter. No doubt the ability 
to hold the breath decreases as the acidosis of the blood increases. 


It is a popular belief that high altitudes increase the size of the 
chest and the vital capacity. Humboldt, in 1799, claimed to have observed 
this increase in people of the Andes; and Williams noted the same result after 
residence in a high mountain resort. With these exceptions all observers 
agree that for the majority of persons the low atmospheric pressure alone 
does not increase the vital capacity. It has been shown that the enlargment 
of the heart at high altitudes is the result of the greater demands made upon 
that organ during physical exertion. If the chest should be found larger 
among the inhabitants of high altitudes it likewise may be explained by the 
increased demand made upon the breathing during muscular effort. The 
immediate effect of altitude is to cause a slight decrease in the vital cap- 
acity. A comparison made of men, at a low and high altitude, indulging in 
outdoor sports, would show that the vital capacity and the chest measure- 
ments are similar, Use makes the organ, and the size of the chest depends 
upon the demands made in breathing by physical exertion during the period 
of growth. 


THE OXYGEN PRESSURE OF THE ARTERIAL BLOOD AT HIGH ALTITUDES. 


The problem which concerns us here is to determine the forces by which 
oxygen is transported from the alveolar air of the lungs into the blood. 
With increasing altitudes the air is reduced and oxygen tension becomes 
lower and lower. At a height of about 15,000 feet the barometric is little 
over half that of atmospheric pressure and the oxygen tension, therefore, 
only about 11 percent of an atmosphere. As have been pointed out, the 
presence of man at any considerable altitude necessitates adjustment on his 
part so that the persistent undiminished oxygen requirement of the body can 
be satisfied under the enforced changes of atmospheric conditions. Three of 
the possible means of providing the necessary oxygen have already been dis- 
cussed. The fourth possibility is still under debate among physiologists. 
All the symptoms of altitude sickness, due to the diminished barometric 
pressure, depend directly or indirectly upon the diminution of arterial 
oxygen pressure and the consequent imperfect aeration of the arterial 
blood and deficient saturation of its hemoglobin with oxygen. 


The passing of oxygen from the alveolar air into the blood of the lung 
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copillaries may be wholly the result of diffusion of oxygen, in which case 
it would pass from a place of high to one of low pressure. If oxygen 
passes from the alveoli only by diffusion the pressure of oxygen in the 
blood will always be less than, or at the best, equal to the alveolar axy- 
gen |tension in the blood is, under certain circumstances, higher than that 
‘of the alveolar air there can be no doubt that forces other than diffusion 
must come into play. ‘his would necessitate an active secretion by the 
epithelial cells of the lungs. At sea-level, during rest, the arterial 
oxygen pressure is practically identical with the alveolar oxygen pressures 
The Anglo-American Pike's Peak Expedition in 1911 made a careful study of 
the arterial oxygen pressure and found in every case that the arterial 
oxygen pressure in men on Pike's Peak was much above the alveolar oxygen 
pressure. The average excess of oxygen pressure in the arterial blood 

was 35.8 mn.; the mean normal resting alveolar oxygen pressure 52.5 mie; 

the arterial oxygen pressure, therefore, 88.3 mm, The alveolar oxygen 
pressure at seu-level is about 100 mm. and that of the blood about the same. 
At sea-level the arterial blood is 96 per cent saturated with oxygen; while 
oa Pike', Peak, if the changes of acclimatisation are well established, it 
is 95 per cent saturated. One subject was examined within an hour after 
rezching the summit of Pike's Peak by railway. His face had a distinctly 
blueish color and he suffered somewhat severly from mountain sickness during 
the ensuing twenty-four hours. At this time -- the time of the experiment-- 
his arterial oxygen pressure was 52.7 millimeters, or only seven millimeters 
above the alveolar oxygen pressures. Three days later when he had becoine 
acclimated, feeling prefectly well and with mortal color, the arterizl 
oxygen pressure was 81.4 millimeters, or 40.7 millimeters above the alveolar 
oxygen pressure. ‘These results are very stirking and point consistently 

to the conclusion that in acclimatisation to high altitudes the lungs acquire 


the power of raising the arterial oxygen pressure by actively secreting oxygen. 


Certain indirect evidences support this theory of oxygen secretion. 
It was found on Pike's Peak on saturating the blood with alveolar air in a 
saturator, that the blood was noticeably dark in color as compared with the 
blood when drawn. It is well mown that men can live and work at higher 
altitudes than that of Pike's Peak. In the explorations of the Duke of the 
Abruzzi in the Himaleyas, he and his companions climbed to an altitude of 
24,580; the atmospheric oxygen pressure saturated in inspiration would be 
55.4 millimeters and the alveolar oxygen pressure only 21 millimeters. 
Biood saturated with alveolar air at this pressure would be less than half 
saturated with oxygen, which is the percentage found in the arterial blood 
of animals at the point of death from asphyxia. Nevertheless, at this 
altitude the members of the expedition felt well and were able to do the 
climbing necessary in attaining the altitude. The recent advances in 
knowledge as to the blood gases and the physiology of respiration make it 
difficult to explain by the simple diffusion theory the reactions above 
quoted. Haldane and his colaborators have found that at sea-level muscu- 
lar work may furnish a powerful stimulus to secretory absorption of oxygen 
by the lung epithelia tissue. Therefor, one advantage in indulging in 
heavy muscular work would be to train the lungs in oxygen secretion. 


THU VALUE OF TnE FACTORS OF ACCLIMATIZA‘ ION 


The acclimatisation to oxygen want in mountaineers or persons living 
at high altitudes is evidently attributable to four factors: the increased 
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breathing; the increased percentage of hemoglobin; the tnoreased rate of 
blood flow; and the increased oxygen tension in the blood, the result of 
increased activity of the lung epithelium, 


There are varying degrees of susceptibility to want of oxygen among 

- any group of men exposed to low barometric pressure, With a rapidly falling 
oxygen pressure. some persons simply become blue and lose consciausness 
without the adaptive mechanisms of the body making any evident response. 
Men, who are fortunate enough to possess brain centers sensitive to oxygen 
want, will respond quickly to the stimulus of a lack of -oxygen and either 
escape, or have only a mild attack of mountain sickness. On the other hand, 
those with an insensitive nervous mechanism will fail to respond, or be so 
slow in doing so, that a period of altitude sickness must be expected. 

This sickness will begin to wane when the adaptive changes begin to be: mani- 
fest. There are marked individual differences which aré no doubt associated 
in some way with the freodom of the blood supply to the brain. Ordinarily, 
on ascending a mountain, the respiratory adjustment occurs first, beginning 

‘almost at once;.it requires, however, several weeks to become A Get 

After some delay, the blood changes, the increase in the rate of blood flow, 
and the go-called oxygen secretion manifest themselves. The order of their 
onset and the rapidity of development. will depend on the physical condition 
of the individual and the sensitiveness of the neon centers to low OREO: 


There is at the start a rapid increase in each of the factors. involved, 
followed by a wore gradual | continuation of the effect extending over some 
weeks. The increase in the rate of blood flow and the oxygen secretion by 
the lungs are developments of the first two or three days spent at the high 
altitude. The blood changes, while rapid during the first few days, require 
more than five weeks to reach their maximum value. The changes in the breath- 
ing, the blood, and in oxygen secretion are of a permanent character and 
will not diminish with a prolonged residence at the high altitude. The 
changes in the rate of blood flow are of a less permanent character, with 
the acclimatisation the pulse rate returns somewhat toward the sea-level 
values. Undoubtedly the heart is under a greater strain during the early 
days spent at a high altitude than later, when the adaptive changes have. 
been completed, Physical fitness usually assures an early and rapid response 
‘to the stimulating effects of low oxygen at the high altitude. Fatigue and 
other debilitating causes delay the response and make the individual more 
liable to an attack of altitude sickness, 


The longer the period of sojourn at a high altitude the more permanently 

fixed become the altitude adaptive changes. This fact has been proven by 
* studies on the after-effects of high altitudes in those who return toward 
sea-level. If the sojourn at the high altitude were of a short ‘duration, 
only a few days, on returning the blood is restored almost immediately to 
its normal composition. The breathing likewise at once takes on the normal 
depth and rate. After a sojounr of five weeks on Pike's Peak the after- 
effects on descending were shown to be presant for a period of at least 
two weeks» At the end of a six months stay at the same altitude the per- 
centage of hemoglobin, number of red corpuscles, total volume of blood, and 
total oxygen capacity did not alter at once and were at least ten weeks in 
being restored to the low altitude values. The breathing for twenty-four 
hours was as great as when at 14,110 feet and then slowly, throughout a - 
period of ten weeks, decreased to the normal for the lower altitude. © The 
first days after descending, the pulse rate was about ten beats below the 
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normal for the low altitude; but. later accelerated to the normal for the 
particular altitude. 


The study of the after-effects indicates that the aviator remains at 
the high altitudes too shart a period of time to secure permanent adaptive 
reactions which increase toleration o& high altitudes. Repeated experiments 
in pneumatic chambers and with carbon monoxide occasionally have increased 
in some men the ability to tolerate low oxygen. The experience in aviation 
indicates that the changes in altitude during flying are made so rapidly 
that the compensating mechanisms for low oxygen are overworked to a greater 
or less degree and as a consequence, instead of securing acclimatization to 
low.oxygen, a weakening of the adjusting mechanisms occurs which renders 

the flyer more liable to an attack of altitude sickness. | 


PHYSICAL FITNESS AND THE ABILITY TO WITHSTAND HIGH ALTITUDES. 
Se 


The ability to endure comfortably and well high altitudes is dependent 
upon the ease and the quickness with which the adaptive responses in the 
breathing, the blood, and the circulation take place. Aneplanation of 
the difference in reaction observed among the members of a group of men 
when at a high altitude is to be found in the degree of individual physical 
fitness. In persons damaged by disease, overwork, unhygienic living, or 
weakened by inactivity and by loss of sleep, the power of adjustment is, as 
a rule, below par. The normal equilibrium of the body is so nicely adjusted 
that under usual conditions: the physiological balance is largely maintained 
by adjustments that are made with little or nor expenditure of energy. There 
-is a certain range of greater or less breadth through which the external 
_ factors of the environment may be varied and yet be met by an automatic 
adjustment of the physiological processes in the body which will preserve 
‘the vital balance of the mechanism. But beyond a certain point, specific 
for each organism, changes in the external conditions will necessitate more 
radical alterations, which will tax-the compensating mechanisms to the ut- 
most capacity, in order to prevent disaster. Theoretically the organism | 
which has been called upon repeatedly to make a certain kind of adjustment 
will be the one most capable of responding when an extraordinary demand is 
made. The unusval demand made upon the organism at a high altitude is that 
of supplying the requisite amount of oxygen to the tissues from an atmosphere 
that provides oxygen at a grealy reduced pressure. An organism that has always 
been able to supply its oxygen needs without profound or costly changes be- 
cause the demands for oxygen have never been excessive, or the oxygen supply 
has never been reduced, will most likely not readily respond when it meets 
@ shortage of oxygen. In the everyday experiences of life there arises a 
marked increase in the demand for oxygen during physical exertion. Excessive 
exertion may, of cours, call for so much oxygen that the adjustments of the 
body may fail to provide sufficient quantity for complete combustion in the 
muscles. That this is often the case is proven: by the great production of 
lactic acid during physical work. Since physical exertion does increase the 
demand for oxygen it is to be expected that the organism which has been called 
upon to do physical work frequently will have acquired marked powers for 
Compensating for oxygen want. ; 


Comparisons made of animals leading a muscularly inactive life, with 
those of a closely related species, whose mode’ of living calls for much 
running and great physical endurance, show certain well-defined differences 
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attributable to muscular action and the call for oxygen. It has been found 
that the active animal has a heart which relatively is three or four times 
heavier than that of the inactive animal. Also the rate of the heart beat 
is much slower -- only about a third -«, the rate of respiration less, the 
depth of breathing greater, end the percentage of hemoglobin greater in 

the active than in the inactive animal. Furthermore, the flesh of the 
active animal is darker in color, due to the presence of a larger amount 

of myohematin -- the substance with marked affinity for oxygen. These 
differences are undoubtedly adaptive and fit the organism to supply the 
tissues with the extra amount of oxygen required during exertion, 


The adaptive characters found in physically active animals are very I. 
like those that appear in the body of man whan he follows a regular and | 
consistent course of physical training, and they likewise are characteris-- i 
tics which will permit the individual to tolerate well high altitudes. 
Comparisons made of athletic and non=athletic individuals show that ‘the i 
athletic, orbetter, or better, the physically fit persons possess certain 
physiological conditions of advantage at high altitudes. : 


In the physically fit the daily indulgence in physical exercise will | 
be found to have increased the percentage and the total amount of hemoglobin | 
in the blood. With this advantage, if he goes to a high altitude, he quickly 
responds to the stimulating influence of oxygen shortage by throwing into F 
the cirnulation the reserve supply of corpuscles and by further concentra- 
tion. of the blood. Consequently the tissues are supplied with blood which t 
per unit of volume is richer in oxygen than it would be if the hemoglobin 
were less concentrated. In the untrained man there is less hemoglobin and 
the changes induced by altitude occur so slowly that he will most, likely 


suffer with altitude sickness because of oxygen want, 


In the physically well-trained the breathing is. slow and deep, while 
in the untrained: it is. shallow and rapid. Deep breathing, which can be 
cultivated by exercise but not satisfactorily by voluntary attention, ven- 
tilates the lungs more effectively than shallow breathing, therefore, at a 
high altitude there is advantage in being a deep breather. It also can be 
shown that the breathing of the physically fit man responds quickly and well 
‘to the high altitude demand for more oxygen, while in the untrained it will 
be slower in doing so. a eh ; 


At sea-level moderate muscular work does not create a great demand for 
oxygen, but strenuous and prolonged exertion may tax the oxygen providing 
mechanisms to their utmost capacity. In order to meet this increased demand 
for oxygen the lungs may respond by secreting oxygen into the blood. Repeat- 
ed demands for oxygen secretion would, so to speak, train the lung epithelium 
for the unusual work. It is suggested that such a reaction by the lungs 
would be valuable when one ascends to high altitudes, in that the lungs would 
then immediately begin to secrete oxygen. Oxygen secretion is in the non- 
athletic type of individual acquired only after several days of residence at 
& high altitude, but in the vigorous well-trained man it probably begins almost 
immediately, 


As a result of physical training the heart reduces its rate of beating 
and is less sensitive to changes in posture and to moderate exertione in the 
physicallyfit the heart rate does not increase much on standing, but in the 
wearied or physically stale subject it increases as much as forty-four beats q 
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per minute. The vasomotor control of the splanchnic area in man experiences 
a change of adjustment when the body is moved from the horizontal to the 
upright standing position. Ina robust subject the splanchnic vasotone 
increases and the blood pressure is raised about ten millimeters of mercury. 
In an individual weakened by dissipation, overwoek, lack of sleep, CtCe, 

the blood pressure tends not to rise, but to fall. - Weakness is sometimes 
shown by a decrease in blood pressure and at other times by an excessive 
increase in the heart rate. 


At a high altitude, especially during the first days of residence, any 
physical exertion makes a greater demand on the heart than the same amount of 
work at sea-levele In the non-athletic individual the heart reacts excessive- 
ly as a result of work, while in men in excellent physical condition the 
reaction at a high altitude is less and the strain on the heart will, there- 
fore, be much less. A.trained heart, like a trained muscle, works more smooth- 
ly and easily than the untrained peek therefore, endures fatiguing work better — | 
than the untrained heart. | | 


Medical experience with the “stale pilot" and the "stale athlete” has . | 
shown that as a man becomes stale his physiological condition reverts to that | 
of the non-athletic type of individual. Staleness is recognized by an in- 
creased frequency of pulse, which is also poor in volume and low in tension. 
There will be distress on slight exertion, accompanied by a rapid rise in 
the pulse rate which returns only after a long interval to its former rate, 
The breathing also frequently becomes shallow and rapid, and the extremities 
become poor in coior and cold because of poor circulation. 


Most of the symptoms reported as common among aviators while PiyAnei are 
those that are characteristic of mountain sickness. I+ has been shown that 
mountain sickness is not so common among robust as among. individuals of 
sedentary habits, of living. We may venture to conclude, therefore, that the 
man who is in the "pink of condition" as a result of consistent and common 
sense physical training will be more resistant to the action of altitude 
than the untrained or the physically stale man. 


Medical experience with "stale" aviators shows a type known as the 
nervous in which there is poor muscular control over balance movements, fine 
tremors of the hands and eyelids, greatly increased reflexes, loss of sleep, 
nightmares, and apprehensive starts with slight noise. The influence of . 
high altitudes on the nervous system has not been carefully. studies but there 
are those who believe that in persons with poor compensation and an unstable 
nervous system there is increased irritability or hyperexcitability . which may 
manifest inself in motor, sensory, or psychic spheres, or in a combination of. 
them. Associated with the increased excitability there is increased rapidity 
of fatigue which finds expression in muscular weakness and diminished physical 
endurance, ws well ag failure in adaptability and power of concentration men- 
tally. Such persons complain of a mental unrest, approaching anxiety, and 
find difficulty in carrying on the usual mental requirements of their occupa- 
tions. Such a condition may be the forerunner of a simple. neurasthenia or a’ 
more profound neuroses. 


The nervous system is exceedingly pede to oxygen want. It is sig- 
nificant, therefore, that in the nervous system arrangements are proviced 
for a free supply of oxygen. The lack of @xygen at high altitudes is felt paca 
by all body ee but, especially by thé nervous tissue. It seems to be j 
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established that there is an irritability of the nervous system that may be 
attributed to diminished oxygen supply by reason of a failure on the part of 


certain individuals to compensate adequately to lack of oxygen when at the 
high altitude. | 


Relation of Altitude, Pressure, and Oxygen. 
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CHAPTER II 


OS ON A LS RT Ee ne YE 


THE PHYSIOLOGY OF REBREATHING AND AVIATION 


The physiological observations made on men and animals living at high 
altitudes cr under reduced atmospheric pressures show clearly that a very 
marked process of adptations occurs which renders the mechanism capable of 
meeting the call of the tissues for oxygen. ‘The aviator must also. be able 
to adapt himself physiologically to altitude chances. The aviator does not 
remain at high altitudes long enough to benefit from slow adeptive physiolo- 
gical changes; therefore, his body must be capable cf making rapid compon- 
satory changes which will provide the oxygen noeded by the tissues, He must 
be able to bear abrupt and great changes in atmospheric pressuree Without 
the occurrence of some one or more definite adective physiological responses 
to provide for his oxygen needs as he ascends, his life and acroplano become 
more and more jeopardized as he continuss to ascend, 


That the body can and dces respond to the demands for oxygen during 
rapid ascents has been proven by laboratory experiments and the experience of 
aviators and bailoonists, The physiological responses that are definite, 
like those experienced by the mountaineer, are an increased ventilation of the 
lungs and a more ranid blood flow. Ina few men a concentretion of the blood 
may also occure 


It has been clearly established that the essential cause of the adaptive 
changes within the body when at high altitudes is the lack of oxygen which is 
due to the rarefaction of the air that occurs as altitude increases» The 
fact that there is this oxygen want suggested that any mechanism that would 
permit the breathing of a reduced amount cf oxygen could be used to test the 
ability of men to withstand high altitudes. The Henderson Rebreathing Appara~ 
tus has been perfected for such tests. During «he tests the subject breathes 
the air in the tank. He sits with a clip placed on the nose and with a com 
fortably adjusted mouthpiece in the movin, which is suitably connected by 
means of inch tubing with light automatic vaives. le inheales the air through 
the respiratory valve direct from the tank and exhales through the expiratory 
valve into a cartridge centaining an absorbent for carbon dioxide, The ex- 
halted @ir is thus freed from carbon dicxide as it ie returned to the tank. A 
spirometer compensates for changes in volume and writes a record of the respi- 


ration upon the revolving drum of a kymograph. By this arrangement the subject 


continues to rebreathe the air in the tank from which he gradually absorbs 
oxygen, As the percentage of oxygen decreases, the subject, in effect phy- 
Siologically, is slcwly ascending to higher altitudes. The volume of air 
rebreathed is sufficisnt to reguire between twenty-five and thirty minutes to 
lower the amount of oxygen to eight or seven per cent, which is equivalent 

to altitudes of 25,000 to 28,000 feet. 


Throughout rebreathing experiments physiological, psychological and 
other observations are made on the subject of the test. By the physiologist, 
the rate and per minute volume of respiration, pulse frequency, systolic and 
diastolic arterial pressures are studied for each candidate tested, and have 
been found to give valuable evidence as to when he first responds to the ree 
duction in oxygen and as to the efficacy of his compensatory reaction. Some 
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men are sensitive to oxygen want and compensate in their breathing and 
circulation of the blood so that they endure as low as six per cent of 
oxygens Others fail to compensate in one or both of these mechanisms or 
compensate inadequately, and therefore cannot endure so low an oxygen per 
cent, All gradations between failure to compensate and adequate compensation 
down to six per cent of oxygen have been found amont the men examined under 
the low oxygen of the rebreathing tests. From the data obtained during the 
rebreating test it becomes possible to determine approximately the maximum 
altitude to which the aviator may safely ascend, 


THE BREATHING WHEN UNDER THE ACTION OF PROGRESSIVE 
DECREASE IN THE OXYGEN SUPPLY 


The character of the breathing undoubtedly has an important bearing on 
the ability of men to endure at high altitudes. The shallow breather is at a 
greater disadvantage than the man who breathes deeply when under the influence 
of low oxygen. In breathing a part of the fresh air remains in the nose, 
pharynx, larynx, trachea and bronchial tubes and is emptied out again at the 
beginning cf the next expiration in an almost unchanged condition without 
having actually mingled with the air in the alveoli of the lungs. In shallow 
breathing, therefore, only a comparatively small amount of the fresh air gets 
past this so-called dead space to mingle with the air in contact with the 
blood vessels of the lungs, The deeper the breathing the greater will be the 
amount of fresh air that reaches the alveoli of the lungs and hence the 
greater will be the supply of oxygen for the body tissues, 


The men examined have shown rates of breathing when sitting that ranged 
between fcurteen and twenty-five breaths per minute. Between forty and fifty 
per cent breethed at the rate of eighteen ard nineteen breaths per minute. 
The per minute volume of breathing ranged between 7 and -12.5 litres, with 
the majority between 8.5 and 9 litres. The average tidal volume of air 
breathed was 500 cubic centimeters for the group, while the extremes were 360 
and 630 cubic centimeters, respectively. The smaller volumes of tidal air 
were found among subjects who breathed most frequently. Thus one man who 
breathed twenty-four times per minute had a tidal air volume of 375 cubic cen» 
timeters, while another whose rate was fourteen per minute had a tidal air 
volume of 620 cubic centimeters. A slow deep breathing will, as a rule, 
introduce more fresh air into the alveoli of the lungs than a shallow rapid 
type of breathing. 


As the percentage of oxygen gradually decreases during a rebreathing 
test there occurs a marked respiratory respcense to the lessening oxygen 
tension which increases the amount of air breathed per minute, This increase 
in the lung ventilation in a few men begins with the first decrease in the 
oxygen percentage of the air breathed ard is a gradual proportional increase 
in inverse ratio with the reduction in oxygen. Over fifty per cent of the 
men examined gave the first respiratory response between 16 and 14 per cent 
of oxygen. Twenty-five per cent responded first at a lower oxygen tension, 
while a small number of men gave no respiratory response to the decrease in 
available oxygen, The increase in lung ventilation is for the higher per- 
centage of oxygen only slight, but usually becomes more pronounced when 
the available oxygen has been decreased to between 12.5 and 9 per cent. 

(See Charts 1-6), 
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The rate of breathing for many men remained unchanged throughout the 
rebreathing test, The majority, however, show an increase of from two to 
four breaths per minute at between eight and six per cent of oxygens A 
few of the men examined, shown by other tests to be somewhat physically 
stale, increased the frequency of breathing enormously. Thus one subject 
with a frequency of twenty-two, when sitting ghietly, breathing atmospheric 
air breathed forty-three times per minute at 8.5 per cent of oxygen, 


The amount of per minute volume increase in the breathing during a ree 
breathing test differs with individuals. The majority of men examined show 
at percentages of oxygen between eight and six per cent an increase of 5.5 | 
litres over the volume breathed at the beginning of the experiment. This ine i 
crease gives for the average man a total volume of breathing per minute of 
approximately 14 litres at oxygen tensions corresponding to an altitude of | 
25,000 feet. The total per minute volume of air breathed has, in exceptional | 
cases, been as great as 26 and 37 litres of air at oxygen tensions correspond- 
ing to from 25,000 to 28,000 feet. 


It is the depth of breathing which ordinarily is increased by low oxygene 
The vast majority of subjects show an increase indepth of breathing of from 
20 to 128 per cent when under 8,5 to 6 per cent oxygene The volume of each 
breath in these men if found to range between 600 and 1260 cubic centineters, 
While for the same subjects when sitting quietly breathing atmospheric air 
the tidal volume is found to range between 360 and 630 tubic centimeters. 


A good respiratory reaction to the gradual decrease in the oxygen of a 
rebreathing test will be manifest.in a slight increase in the mpth of 
breathing which begins at 16 or 15 per cent oxygen and continues to pro- 
gressively increase slightly and gradually until 12.5 to 9 per cent of oxy Zen» 
From these percentages down to 8.5 and 6 per cént of oxygen the total per 
minute volume of breathing increases much more rapidly and the frequency of 
breathing may also then increase to from two to five breaths per minute. A 
total per minute increase of at least 5.5 litres should occur at the lower 
vercentages of oxygen. ‘The increase in the dpth of breathing which occurs 
under low oxygen more effectively ventilates the alveoli of the lungs and, 
therefore, raises the alveolar oxygen tension above that which would be 
present if the breathing remained unchanged. Such an increase in alveolar 
oxygen permits the blood to be more thoroughly saturated with ozygen and 
consequently the subject can endure a lower oxygen, which is equivalent to 
a higher altitude. 


Some men have repeatedly been under observation and most of those re-= 
acted very much the same each time when subjected to low oxygen. Thus one man 
who endured low oxygen unusually well in series of seven tests averaged an ine ~ 
srease of 6,5 litres in his breathing when breathing seven per cent of oxygens 
Another subject who invariably suffered when under the influence of low o&%¥ gen 
ina series of five tests during @ period of eight days had an average increase 
of only 3.3 litres in lung ventilation. Aa 


When the per minute volume of breathing fails to increase as the amount 
_ of oxygen inhaled decreases or when it increases only slightly, one or two 
litres, the lung ventilation is sufficient and the subject will be found 
unable to tolerate as low a tension of oxygen as the man whose breathing 
gradually deepens as the available oxygen decreases, Only a few men have 
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failed to show a respiratory response to low oxygen and none of these 
have tolerated well such low oxygen as 10 to 9 per cent. Men whose 
respiratory center is insensitive to oxygen want either fail to show an 
increase in the breathing, or are slow in doing so, and in either case 
‘there would be poor toleravion of high altitudes. 


An occasional subject has been examined whose breathing responded 
well at first, but later when the percentage of oxygen was low suddenly 
began to preathe less. When this happened fainting or unconsciousness 
quickly foilowed. One subject in three tests separated by intervals of 
several deys suddeniy showed e decrease in his breathing when at ten per 
cen. of oxygens He fainted the first time, and was only saved from doing 
so the others by being returned at once to atmospheric air, 


THE CIRCULATION WHEN UNDER A DECREASING OXYGEN SUPPLY 


The rate of flow and the amount of oxygen passing from the blood to the 
tissues depends on the difference between the pressure of oxygen in the blood 
@nd in the tissue. The higher the oxygen pressure in the blood the greater | 
will be the amount of oxygen passing from the blood of the capillaries into 
the tissues. In active tissues the oxygen tension is always low. It is 
usually supposed that there is no oxygen pressure at all inside the cells. 
The dissociation of oxygen from the hemoglobin oceurs with great rapidity 
and is greatest where the differences in pressure are greatest. It follows, 
therefore, that when the blood flows more rapidly through the capillaries 
of a tissue more oxygen will be made available than if it flows slowly. 

At high altitudes, or under low oxygen, the blood is, at first at least, 
less saturated with oxygen than at law altitudes. Therefore, if the blood 
contains less oxygen, an increase in the rate of blocd flow through the 
capillaries wouid be a means of providing the tissues with the oxygen de- 
manded for their activity. An increased rate of blood flow has been 
demonstrated in men living at high altitudes and is, undoubtedly, one of 
the first of the adaptive or compensatory changes observed in the rapid 
ascents made by the aviators 


Circulatory observations made on Pike's Peak (14,110 feet) indicated 
that the increase in the rate of blood flow was the result of a greater 
frequency of heart beat and a dilatation of the arterioles, 


A study of the pulse rate during exposure to low oxygen should, there- 
fore, give a definite indication of the sensitiveness of the organism to low 
oxygen. We have found the pulse rate to be a trustworthy indicator of oxygen 
want provided care is taken at the beginring of a ler oxygen or rebreathing 
experiment to have the subject calm ard cu:et, Excitement or anxiety may 
give a higher. initial pulse rate which will cbecure the beginning of the 
oxygen want response. | 


Throughout the rebreathing test the candidate's pulse is counted for a 
period of twenty seconds each minute. The systolic and diastolic blood 
pressures are determined every cther minute during the first part of the 
test and every minute after the oxygen has been reduced to approximately 
eleven per cent. The rate of heart beat has been found to accelerate ina 
few men at 17.5 per cent oxygen (5,000 feet), In one grcup of seventy men 
the accelerations began as follows; 


i 
i 
it 
q 
i 
| 
| 


. 
an 


vgeneviage 


mais wie: ae 


+ 


Pe i i “ € 
pes att he wie ‘ zat ‘ as F aD’ fs 2 Moi eti “> + 


"Sh pankredante) oF anes FE bar wes a. ci mae 


eal: . «2 bse: aoe Si 
L. Qf St cea tee 

ners 3. inde ali 
mice wa 1, ha ” 


te 


+ 


ton, een om “ 7 - * 7 ee eT . ba 
CC oz Bele Cy pal gS A 
Foal able ete baie. Pt apecipet eo Me a 


065 sptAB LE Satie Re he pati 
SBR BU WSR 1 ara! | aT 1s 
r MAREE LD AS nN hs » tty : 
: 1 {yh taka: Fay 


re 


giao oie, uxeroags eds: ma 
— fey 
Bg VR BBs : age: ee 


af ieee” ee. 4 2 ly ae ad h oaty: eae 3) 


othe pM ey, ce SNS . “ris te bh ‘wt! erage. gee wd 
Te oe NT, BTR otk bond, wos rite, ‘baie: 


ed Leon: jist. ai i ha ere Aso ae 


Pi ae ak ae i ae 4p ght SO, re 
ard yet oh ieee + oan ae aby ae Se * | 
Sel aR Pegs MOL. AA oe uhh ae. 7 at 
td a nets AO t a Sia} he ease: » fia on 
regis oa Be ae LRN nye 39. Bites eet yee 


f 
i 
"a 
s 


a ae Le 
OOS ae Seca 


«beck 7 


ee ee eg Ne mo. ie? aba x 


> To a* RE RAS x + 


. 


wy est eee et Ee ners sch se 
oaks hl boone. oe. bing nih dy 4 i eal 


1% began to react between 7,000 and 8,000 feet ---- 16 - 15.5% oxygen, 
tt "i 


ee. # " 8,000 and 9,000 feet ---- 15.5 - 14.9% oxyzen. 
20% =" page . 9,COO and 10,000 feet --- 14.9 - 1442% oxygen. 
CORSE pei ieee | " 10,000 and 11,000 feet --- 14,2 - 13.7% oxygen. 
c3% "" eae "11,000 and 12,000 feet --- 13.7 - 13.2% éxygen. 
Boas eae MW ~ 12,000 and 23,000 feet +--= 15.2% - 12.7% oxygens 
aa See " 18,000 and 14,000 feet --- 12.7 = 12.2% oxygen. 


The increase in heart beat frequency is at first slight, only from one 
vo three beats, but as the oxygen percentage decreases a greater inoreaseé 
in rate is likely to occur with each decrement in oxygen. A very marked 
acceleration usually occurs when tne oxygen has fallen to between 13 and 9 F 
per cent. In some men after the beginning of the more rapid increase in 
acceleration a steady increase in rate occurs down to even 6,5 or 6 per cent 
oxygen, while in others after a period of rapid acceleration the amount of 
acceleration becomes less with each decrease of one per cent in oxygens The 
last condition suggests that the power to compensate has about reached its 
maximum. Some men at first react with a good acceleration in rate, but soon 
reach a rate beyond whibh there will be no further response even though the 
oxygen percentage continues to be lowered, In such cases after holding at 
a fixed rate for a while the heart suddenly begins to slow, a sure indication 
that the limit of endurance has been reached. ' 


A total increase of from 15 to 40 beats in the heart rate duringa-re- 
breathing test in which the oxygen is lowered to between 7.5 and 6.5 per cent 
constitutes a good reaction to oxygen want. A failure to respond by an accele- 
ration in heart beat to lowered oxygen either means inability to react to the 
low oxygen of high altitudes and early failure, or it may mean that sufficient 
compensation is secured by increased breathing or blood concentration, or boths 
Qur experience indicates that the failure to respond is associated with poor 
toleration of low oxygen. An acceleration in heart rate of more than forty 
beats--50 to 70 have been observed--throws too great a burden on the circulatory 
mechanism and occurs only in men who do not tolerate well low percentages of 
oxygens In such men other compensatory reactions may fail to occur. So far 
as the response in pulse rate to decreasing: oxygen is concerned it, therefore, 
becomes possible to rate the reactions as poor, good and excessive. A poor or 
an excessive heart response should disqualify the candidate for very high 
altitudes; he should only ascend to moderate heights. 


A delay in the first appearance of acceleration of the heart rate may be 
due to an insensitive cardiaé /éenter and an early response may indicate a 
mechanism very sensitive and responsive to any decrease in available oxygens 
It should be borne in mind, however, that while ordinarily there is an 

early acceleration in the heart rate, a delay may be due to the efficiency 


of other methods of compensating to the stimulus of oxygen want, 


The determination of systolic and diastolic arterial blood pressures 
show whether the vasomotor mechanism responds to the stimulus of oxygen want 
in an adequate manner for maintaining the increase in the rate of blood flow, 
and at the same time whether the heart is compelled to work against an in- 
creased resistance. They further give an index, the pulse pressure, of the 
volume of ventricular output. : 
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In the optimum type of response to the low oxygen of the rebreathing 
test the systolic pressure remains unchanged, that is, it holds on a level, 
until the oxygen has been lowered to between 14 and 9 per cent after which, 
as the oxygen is further lowered, it gradually rises; or there may oocasional— 
ly pacur a gradual rise in the systolic pressure beginning with the first in- 
efease in heart rate (see Chart 3), This rise in pressure is ordinarily to 
from 15 to 20 mms. Hge Other subjects who appear to have tolerated low oxy- 
gen well, even to as low as 6.5 per cent of oxygen, have had a systolic 
pressure which held at the normal (see Chart 2). 


A rise in the systolic pressure of more than 30 mm. Hge--40 to 60 mm, 
have been observed--is very likely due to a vasomotor failure to respond 
with a dilatation of the arterioles. Such conditions will lead to overwork 
by the heart and may result in early circulatory failuree 


There are other conditions of systolic pressure that are occasionally 
found im men undergoing the rebreathingtrest. A small percentage of subjects 
examined had a fall in the systolic pressure which began about the time the 
pulse rate started to accelerate and continued to decline throughout the 
test, Such men have not tolerated the extremely low percentages of oxygen 
that men of the optimum type of response have endured. 


A large percentage of subjects have shown a sharp and sudden fall in 
the systclic pressure at low percentages of oxygen. This fall is allowed ie 
to continue will lead to fainting. The subject recovers his normal pressure ut 
at once if he is returned to atmospheric airs 


The best condition in the response of the diastolic pressure to a de- 
creasing oxygen supply consists in an unchanged or slightly increased pressure 
throughout the test. Many men show a gradual well controlled fall in the dia- 
stolic pressure (see Charts 5 and 6) during the terminal period when the sys- 
tolic pressure is rising. Such a fall in the diastolic pressure if it occurs 
slowly and is not great constitutes a fairly good reaction to extreme oxygen | 
want and can be explained as a vasomotor dilatation which occurs in order to 
protect the heart against the rising systolic pressure. In the optimum type 
of response to low oxygen the terminal fall in the diastolic pressure may not 
occur and if present is never very pronounced and does not occur before the oxy. 
gen is reduced to 9.5 per cent or less. 


About 66 per cent of all men examined have had a fall in the diastolic 
pressure, At least half of these have been sudden and great, The rapid fall 
is always associated with fainting, and usually precedes a systolic fall. If 
the two occur together, in the order just indicated, the experiment must be 
terminated at once if fainting is to be prevented. The pronounced and sudden 
fall in diastolic pressure may occur at a high oxygen precentage. It has been 
found to occur as early as 14 and 13 per cent of oxygen (10,400 and 12,200 feet). 
Such sudden falls in the diastolic pressure appear to be due to an overcoming of 
the vasomotor center by oxygen shortage. A decided fall in the diastolic 
pressure even if more or less definitely controlled is an indication that the 
subject will not tolerate well the altitude corresponding to the oxygen percent- 
age at which it appearse 
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Three types of circulatory reaction to oxygen want have been observed. 
The first, the optimum, in which the pulse rate accelerates moderately as the 
oxygen decreases, the systolic pressure is unchanged or shows a termiral rise 
of not more than 20 to 30 mm. Hg., and the diastolic pressure remains un- 
changed or rises slightly (see Chart 2}, ihe second, the controlied diastolic 
fall, in which the pulse rate accelerated moderatly and the systolic pressure 
rises as the diastolic pressure gradually falls. (See charts 3 and 6). ‘The 
third, the fainting type, (See charis i and 4) in which after a period of 
fair, good, or excessive response in the rate of heart beast to low oxygen 
the diastolic pressure suddenly falls and soon thereafter the systolic 
pressure falls and the puise rato slows. The optimun type may tolerate 
as low an oxygen as six per cent and may loose consciousness without faint- 
ings He recovers quickly when restored to air, while the heart rate 
and blood pressures are soon back to their normals. The fainting type 
rareiy endures as low an oxygen and if allowed to run his course faints 
comp.etely and as he revives he requires a considerable time, sometimes’ 
an hour or two, to regain his normal pulse rate and blood pressures. There 
are of course, gradations between the types here described. 
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The pulse pressure during a rebreathing test remains fairly constant 
in most men until the oxygen has fallen to between 12 and 9 per cent 
(14,500 -- 22,000 feet) after which it increases in amount during the 
further redustion in oxygens The rise in pulse pressure occurs wnen the 
systolic pressure is rising and the diastolic either remaining constant 
or slowly faliing. This is also the period when the heart beat is 
accelerating most rapidly. The amplitude of the heart output, it is 
claimed, is shown by the pulse pressure; if the pulse pressure be multipli- 
ed by the puise rate and the prcduct be taken as a relative measure of 
the volume of the blood stream and increase in the circulation rate will 
be indicated, beginning between 16 and 14 per cent of oxygen and progressive- 
ly increasing as the oxygen further decreases, The nericd of most rapid flow 
of blood weuid, therefore, be that when the pulse pressure is also increas- 
ing, that is from between 12 and 9 per cent of oxygen to the end of the 
test, Therefore, a marked increase in the rate of the circulation of 
the blood during exposure to a law and decreasing oxygen is indicated, 
This increase in blood flow is, as shown earlier, an important and necessary 
compensatcry reaction to iow oxygen, 


Incidentally a few vanous blood pressure determinations made during 
exposure to a decreasing oxygen supply have shown a drop in venous pressure 
which becomes very pronounced when the oxygen is 10 per cent or less, The 
following are typical examples: 1. Normal venovs blood pressures was 
10,8 centimeters of blood. After twenty-five minutes, during which time 
the oxygen was gradually decreased to 8 per cent, it had fallen to 3.5 
centimeters of blood. Returned to normal within five minutes after bee 
ing returned to air. 24 Normal venous pressures 9 centimeters; twenty 
minutes later at 10 per cent oxygen. 3.5 centimeters, Return to normal 
after experiment required fifteen minutes. 3, Normal, 6.6 centimeters, 
fell to 5 centimeters in thirty minutes when the oxygen had reached 7.5 
per cent. This fall in venous pressure calls to mind a similar fall re- 
vorted by Schneider and Sisco in men on Pike's Peak and it indicates that 
the reactions observed in the rebreathing tests are the result of the 
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same cause, low oxygen. 
THE HEMOGLOBIN WHEN UNDER A DECREASING OXYGEN SUPPLY 


Since an increase in the percentage of hemoglobin in the blood 
is one of the most important of the low oxygen compensations found to 
occur in men and animals living at high altitudes on mountains, it is 
interesting to find that it may also occur during short exposure to low 
oxygene ‘the rebreathing test of not more than thirty minutes duration 
is too short a period of time to permit a concentration of hemoglobin 
in the majority of mene Oyly an occasional subject may show a definite 
concentrations In order to test out the part that the blood changes 
may play as a compensatory factor for oxygen want in such a short period 
as the aviator spends in the air, a series of experiments are now being 
made in the pneumatic or low pressure chamber and also under low oxygens 
In these the subject is held at a chosen pressure or a given percentage 
of oxygen for from 40 to 90 minutes; the entire experiment lasting as 
much as two or two and a half hours. The hemoglobin has been determin- 
ed by two methods, the Gower--Haldane hemoglobinometer and the DuBousque 
Colorimster, on blood taken froma finger of an ear, and also froma 
vein in the arm. 


At least 25 per cent of all men examined have shown a well de- 
fined increase in the percentage of hemogiobin, and the majority some 
evidence of corcentraticn. We have found that the blood from the 
finger or ear and from the vein showed it equaily well by the two 
methods used in the determinations, The following illustrates the 
amount of concentration; Normal per cent of hemoglobin with the Gower= 
Haldane hemoglohinometer, froma finger 100, froma vein 90, After 
eighty minutes under low oxygen, sixty of which were spent at ten per 
cent oxygen, finger 105, vein 102. The amount of concentration has 
been as great as 9.5 per cent. It has been most clearly induced at 
pressures, and percentages of oxygen, corresponding to between 18,000 
and 20,000 feet, Almost all of the men have had to be held at the 
high altitudes, 20 or more minutes before concentration began to be 
evident, 


Since the blood changes do not always occur, and are slow in 
appearing when they do, the determination of hemoglobin during a re- 
breathing test has not been made a part of the routine examination, 
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THE RELATIVE VALUE OF THE COMPENSATORY FACTORS 


In order that a better understanding might be had of the in- | 
terplay ef the compensatory factors whon man asconds quickly to very 
high altitudes and remains only a short time, a fow hours at the most, 
a number of cxperiments have been made with men in the pneumatic 
cnuamoor ond also under low oxygen in which they have been held for 
on hour or two under conditions corresponding to altitudes of 15,000 
to 20,000 foct. In all of these, two of tho compensatory aye 
those in breathing and circulation, have oppeared almost simultane- 
ously and incroascd steadily with the gradually incroasing altitude. 
When the desired altitude tras reached and then maintained the breath- 
ing cither continucd at the depth it had acquired during the period 
of progressive change or it became still docpor for a time. Tho 
pulso rate, which gives an indox of the inecrcasc in the rate of blood 
flow, accelerated during the period corresponding to ascont; and 
thon when the altitude was held, usually romained constant or, in F 
Somo of the mon, retarded somowhat oftor tho hold began. A slowing L 
of tho pulse ratc, when an altitude was maintainod for a timo, was so 
frequently observed that we sought for an cxplanotion of the dccreasc 
an rate. Ina numbor of men it wos found that the heart was being 
relicved by other compensatory factors. In such cases one or tho 
othor or both of two changes occurod. Thore occurod cithor a fur- 
thor decponing of tho broathing, or a contentration of the homoglobin, 
or both of these changos took place togethcr. Often the breathing, 
after increasing in amount during the ascent, held at a constant ~ 
increased dopth during the stay at the given altitude; but in such 
the hemoglobin was found to be concentrating as tho pulso rato slowed. 


4n unusual but intcrosting case was found in a man whoso _ 
breathing failcd to respond to the changes in altitude. He did not 
tolcrate the low pressuro well at first but fcolt bettcr after some 
time had been spont at the chosen pressure. In this man tho heart 
“eecclorated decidedly ond later his hemoglobin concentrated about 
Cight per cent. His improvement occured when the hemoglobin showod 
concentration. 


As yet no attompt has been made to study oxygen secrction during our 
rebreathing oxporiments or in the pnoumatic chamber. 


Our studics show that during short. exposures to high altitudes, or Low 
Oxygen, such as the aviator cxporicnces, the compensatory reactions of 
the body to a decrcased oxygen are made almost ontircly by tho circu- 
lation and by the breathing. A few men may, after the lapso of an hour 
or morc, sccure some benefit from a slowly developing concentration of 
the homo globin of the blood. The order of response by the adaptive 
mechanisms is not that of the good reaction scon among mountaincors, in 

whom the breathing first responds while the othor componsatory changes 
take place more slowly. Tho roaction resombles moro nearly that secon 
during an attack of mountain sicknoss omong mountainccrs. In such mon 
the heart beat is greatly accelerated during tho attack. Tho aviator, 

it appoars, must depend largely upon his heart and his broathing for 
compensation to the fall in oxygen which he cncountors as ho ascondse 
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The length of time takon to reach a low oxygen in the rebrcath- 
ing test will profomdly alter tho ability to ondure oxtromoly lew 
percentages. If the oxygon is loworod rapidly the candideatc compensates 
to a lower percentage then is possible where tho rate of decrease in the 
oxygen is slower. Three rebreathing experiments mado on tho samo sub- 
jeet illustrate: the condition. The volwne of air was so small for tho 
first test that in twonty-three and ono-half minutes tho oxygen was 
lowored to 643 per cent at which tho subjoct's power of componsation 
foileds The noxt day rebreathing a largor volumo of air for thirty- 
Cight.minutes he compensated to seven per ccnt onlye On the folldwing 
day in a test of cighty-five minutes duration compensation failed at 

8.7 por cont of oxygens Individual differonces will be found, in some 
mon timc has a more profound influonce than in othcrs. Thus anothor 
“subject componsated in a test of thirty-six minutos down to 7.5 por 

‘ont and in ono of nincty minutcs to cight por cont of oxygons. Thero- 
fore, whon testing ability to enduro low oxygen, somo allowance must be 
made for the timc taken to reach a given percontage. If cach of tio 

men tolcrato down to seven per cont oxygen but one is carricd dowm in 
twonty and tho other in forty minutos, the one who endures for forty | 
minutes will have tho bottor powor of compensation. ir 


Control tosts havo boon conducted in the pnownatiec or low ee 
Pressure chambor to dotcrmine tho roliability of the robroothing tost. H." 
4 subject was first under observation in a robreathing test and on the . 
following day taken into the low prossuro chombor for similar obsor- 
vations, while the prossure wes loworcd at tho samo rate that the ae 
oxygon had boon absorbod in the robreathing test. Tho breathing, pulso 
rato, and blood pressures roactod about tho samo in cach oxporiment. 

In order that a comparison might be mado of tho breathing under the 
tio conditions the alveolar air was analyzed from time to time during 

. cach kind of tcst. A fall in the avoolar carbon dioxide and oxygen 
Prossuro occurcd in both cxporionees. Tho average amount of fall for 
Oight mon at tho per ccnt of oxygen or prossure corresponding to 20, 
000 fect was for carbon dioxide during rebreathing 8.5 millimeters 
and low pressuro 9.3 millimoters; for tho oxygen in rebroathing 66.2 
millimeters and low pressure 68.8 millimcters. Thesc figures show 
that the inercase in the broathing and lung ventilation was about tho 
Same under the two difforcnt low oxygen expericncecs. The pulse rate 
also was found to beginto accclcrate at about tho samo timo in cach 
kind of test and to accolerate in oqual dogree. Those and othor 
physiological obscrvations made on men undergoing the robreathing test 
or under decrcasing atmospheric pressure prove that the samc compen- 
Sations arc used by the body in cach, and those we know are tho ade 
justments mado to the influcnco of oxygen want. 
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CHAPTER IIT 
THE EFFECTS DF LOW ATMOSPHERIC PRESSURE ON THE CIRCULATORY SYSTEM, 


It has long been recognized in an unscientific way that high altit- 
udes are "bad for a weak heart", At such elevations as those of Denver, 
Phoenix or Mexico City patients with any degree of cardiac incompetence 
noticed undue shortness of breath, palpitation, general weakness, and 
occastonally there have been cases of sudden decompensation and acute 
pulmonary congestion. Even much lower elevations have been suspected by 
the laity of causing distinct heart symptoms. The reason for this has 
not been understood because very little research work from this point of 
view has been carried one The physiological results on Monte Rosa, Pikes 
Peak, etc., have had as participants and subjects almost entirely healthy 
men of the mountaineering type, and in these there has been so little evi- 
dence of circulatory strain, to say nothing of actual incompetence, thet 
it was generally assumed that the supposed dangers from the heart were ° 
mythical or at least much exaggerateds 


As a part of the research now being carried on at the Medical 
Research Laboratory of the Air Service at Mineola the behavior of the 
heart and circulation has received much attentione We have had almost 
ideal conditions for this study, having at our disposal two methods of 
producing physiclogical effects comparable to those of aviations In 
these effects the determining factor is of course, low-oxygen tension in 
the airs 


In the Henderson Rebreatthing Apparatus the percentage of oxygen is 
gradually lowered, while’ Lhe low pressure chamber the percentage remains 
the saine but the baromotric pressure may be redu ced to any desired point. 
In either case accurate observations of heart and circulation are conven- 
iently made, The two methods give strictly parallel results, which tclly 
very accurately with actual conditions in the air as far as it has been 
possible to investigate the latter directly or to judge from wiat is told 
by eviators of their own experience. The material studied has consisted 
largely of healthy and youthful individuals, though even among supposedly 
horiial men not a few pathological hearts have been discovered, and from 
the neighboring post hospitals we have obtained a few subjects who were 
known to have definitely abnormal hearts, In the near future we hope to 
extend very considerably our observations on the grosser forms of valvular 
and myocerdial disease and on cases with various degrees of deco:apensation,. 


The results have bein exce:dinzgly interesting and important and 
,heve so fitted in with the experiences and the problems of aviztors that 
they cannot but be of the greatest praeticel value. They have shown 
that the ability to exist at altitudes higher than the norim1 depends 
to a very marked degree on the competence of the circulatory apparatus, 
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The demand on the latter is so great that even slight abnormalities in 
heart er blood-vessels result at moderate heights in clear signs of cardiac 
insufficiency and distress. 5o searching indeed is this test for cardiac 
disease of any kind that we have come to regard the rebreathing apparatus 
and the low-pressure chamber as the one sure way of making @ positive 
diagnosis in cases where there i@ doubt, and believe that they may later 
prove to be of great value for routine clinical work. 


At the same-time the effects upon the normal heart have been 
equally striking and more enexpected. While the hardiest type of subject 
shows almost no demonstrable effect on the circulation, othersare evie 
dently laboring under heavy strain, and it appears that dilatatim of the 
heart followed by collapse is an extremely common occurence even at 
moderate albitudes. This accords with the known frequency of aviators 
fainting in the air, almost always with fatal results of course. We have 
been able to throw much light on the reasons for this disastrous occurence, 
and to show not only that evident disturbences of heart function, such as 
cardiac lesions, are predisposing causes, put that temporary indispositions 
which are too frequently considered trivial have a very marked influence, 
For examplet= a recent infection, a bad cold, nervous factors, etCe, may 
so impair a man's resistance that his heart will give out and he will faint 
during the test. We believe that this has actually occurred in numerous 
cases during actual flight. 


Tt has been estimated in the British Service that of all serious 
accidents in flying only 2% are due to Germen pullets, while 8% are the 
result of a defect in the plane. The remaining 90% are due to the physi- 
cal condition of the pilot. Our work leads us to believe that a consider- 
able proportion of the physical defects leading to accident are the 
immediate or late effects of strain on the circualetim under the influence 
of low oxygen tension in the aire 


PHYSIOLOGY OF CIRCULATION, | 


The purpose of the heart end blood-vessels. is to transport oxygen 
and food to the tissues and to remove their wastee The work of the cir- 
culatory system must be governed by the changin g needs of the tissues in 
these respects. If a given group of muscles, for exemple, are doing more 
than their usual work they must have an increase of blood-supply- This 
regulation comes mainly from the vital centers in the medulla, and con- 
sists for the most part in variations in the size of blod -vessels 
(vasomotor tone), in the rate of the heart, and in the emount of lung 
yentilation. ‘The medullary centers are in turn activated by cert<.in 
chemical factoris in the blood, and probably also more directly by their 
own metabolism and need for oxygene 
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The work done by the heart is very large even when the body is at 
reste It has been calculated that this amounts in ordinary conditions 
to the work involved in lifting 20 kilogram one meter each minute or about 
140 pounds one foot. During exercise this work is of course much increased, 


Apart from the strain thrown upon the heart by extraordinary demands 
it is evident that even its ordinary work requires the best of conditions 
to be carried successfully, Heart failure may be the result, therefore, 
not only of extra work asked of the heart, but of any condition which in- 
terferes with its success in doing its ordinary work, 


The efficiency of the heart depends first, on the quality of the 
heart-muscle, second, on an abundant cofonary circulatim capable not 
only of supplying ordinary needs, but of meepbing the demand for considers 
able increase, third, on the quality of the blood which nourishes the 
heart-muscle, especially its content in oxygen, ang, fourth, on an economi- 
cal regulation of the work of the heart and of all%the elements in 
circulation and respiration so that these functions may be carried out 
successfully but without unnecessary strains The last factor depends 
partly on the accuracy and economy with which the need for blood-flow 
to each part of the body is met, and partly to the regulation of general 
vascular tone so that the blood-flow can take place to the maximum of 
efficiency without undue resistence (increased blood-pressure). 


EFFECT OF LOW OXYGEN TENSION ON CIRCULATORY PHYSIOLOGY. 
EL CCL EST EAS ed Pe ae eiaenaaeueatmatoentoet 


The behavior of the organism under low pressure illustrates two 
physiological prinicples:-= 


First, that the animal body being very accurately fitted for one 
set of environmental conditims, finds itself in an abnormal Situation 
if these conditions are changed ever so slightly. We know that the body 
feels the change in its oxygen supply within the first few thousand feet- 
perhaps even the first few hundred feet after ascent begins from the sur- 
face of the earth. In consequence of this certain re-adjustments and 
compensations are necessary to keep the oxygen tension in the air. 


The second principle is that, however acqurately the body is adjut- 
ed to its usual surroundings, its powers of accommodation to new conditims 
are very great, even when those conditions represent sompthing quite out of 
the ordinary experience of the bodye Thus, when adjustments are demanded 
to make good oxygen deficienty in the atmopphere, such adjustments almost 
infallibly will be made and in sufficient abundance to keep bodily functions 
normal until the change from usual conditions has become so great that the 
powers of compensation are exhausted, 
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In other words, the aviator making an ascent to great heights gives 
the picture not of a man suffering more and more severely from the naxious | 
effects of low oxygen, but of a man who by exercising his powers of com= 
pensation is keeping his functions normal just as long as these powers ren 
main egual to their task. 


It was in fact, a good deal of o surprise to us to find this unex- 
pected normality of our subjects in the early experiments = for not only 
were the physical ond psychic powers being kept intact until an extreme 
degree of oxygen-want was reached, but the adjustment was so smoothly 
and economically made that our examination of heart ond blood-vessels ond 
the respiratory phenomena would have led us to suppose that nothing out of 
the ordinary was going on at all. 


This stotement applies, however, only to what we may refer to as 
the "optimum" type of subject, ond it was only by observing the behavior 
of less good subjects that we arrived at an understanding not only of the he 
nature of the compensation which was making this normality possible, but | 
of the very great strain which is often involved in maintaining it. For He 
while our optimum subjects remained in good condition ond efficient to ce 
very great heights and at the same time exhibited no signs of strain in te 
the circulatory reactions, other subjects either foiled to make the com - i 
pensation and so became inefficient at low altitudes, or mode the compen- 
sation only at the cost of very evident strain, such as led in many cases 
to cardiac dilatation, circulatory collapse and fainting. | 


COMPENSATION FOR OXYGEN DEFICIENCY 


We must first discuss the nature of the compensating process and 
later consider how different types of organisms respond to this demand. 


When the tissues feel a deficiency in the oxygen supply, demand 
is immediately registered for more, Just how this deficiency is felt and 
what the nature of the demand is we need not. discuss ot this point. (As 
a motter of fact, we have very little knowledge on the subject), It is 
sufficient that such demand is made and that it is promptly complied with. 


When there is deficiency in the oxygen carried by the blood there 
are two obvious methods of remedy open - either (a) more oxygen must be 
carried by the same amount of flood or (b) more blood must flow to the 
tissues carrying less oxygen per unit but in sum bringing the required 
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INCREASED RESPIRATION 


To meet the demand of (a) - if the blood carries less oxygen per 
unit because of lowered tension in the olveolar air, this tension may 
be raised by increased ventilotion of the lungse Normally the percent~- 
age of oxygen in the alveolar sit (that which comes in contact with the 
blood ) is from 13 to 15% ‘eiyptels a tension of 100 or more ma. Hg. In- 
creased respiration will raise this percentage to 17, 18 or even 19, thus 
increasing the oxygen tension in the blood to a like degree. In fact, 
ve imow that increase in respiration begins to occur almost as soon as 
the sea-level pressure is left behind. 


The limit of this compensatory mechanism is soon reached however, 
Since the atmosphere contains only 21% oxygen the alveolar air can only 
with difficulty be brought up to 19%, ond an increase from 15 to 19% 
will certainly not compensate for a drop in atmospheric pressure of one- 
helf, such as occurs when a height of 18,000 feet has been reached. 


INCREASED BLOOD- FLOW 


The second method will be more productive of results; instead of 
‘Ppreviding the normal amount of blood with the usual burden of oxygen 
an increased blocd-flow with a lessened amount of oxygen per unit will 
onswer as well. 


Increased blood=flow is accomplished in two ways. There must be 
peripheral relaxation of the arteries to allow more blood to pass, 
and there must be increase in the amount of blood coming from the heart. 
‘The latter is accomplished oithér by increase in pulse-rate (more beats 
per minute delivering the normal volume) or by increase in volume-output 
per beat. Increase in heart-output by either method would of course 
tend to raise the blood pressure. 


It may be emphasized that a very considerable increase, possibly 
a doubling, of the blood flow may be accomplished with very little evi- 
dence that this is taking place, since the various mechanisms for accom- 
plishing it interplay in such a fashion as to hide each others' traces. 
Thus, increase of pulse may be made unnecessary by increase of volume 
per beat, (it is however , still a controversial question how much the 
latter can vary). Again, increase of heart-output must of course raise 
the blood pressure vhile decrease in peripheral resistance (vasodil- 
atation) lowers it again. We have reason to believe that for a given 
organism a certain blood pressure is optimum, combining efficiency with 
economy, end that the body tries to keep to this pressure as closely as 
possible. For this reason the best type of subject will show almost 
no change in either systolic or diastolic pressure until late in the 
experiment when the powers of compensation ere being pushed to the limit. 
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RELATION OF VASO!MOTOR CONTROL OF THE HEART 


A thorough understanding of the interplay between heart and blood 
vessels is necessary in order to comprehend the adjustment and failures 
of adjustment occuring on exposure to low oxygen. In every-day life 
this interplay is constantly going on; the better the condition of the 
heart-muscle and of the arteries and tied better the nervous control the 
more successful will the organism be in keeping up its efficiency. 
Every effort such as rising from a chair or running for a street car, 
even every emotion, calls for increase of blood-flow, and would inevi- 
tably give rise to increase of blood-pressure and extra work for the 
heart if vasodilatation did not ease the strain, and at the same time, 
allow the increased flow. A young mon with good arteries can exert 
fairly violent muscular efforts with moderate and transitory rise 
in pulse and blood-pressure. An older man, however, whose arteries 
are less flexible cannot do this. In his case the blood-pressure 
may increase to a dangerous point because of failure of the peri- 
pheral tone to welax. The result of this failure will be either 
that the heart is put upon a dangerous strain or that the demands 
are simply not met. In the latter case the organism will for the 
time being have to run with a deficit; hence loss of efficiency 
and symtoms of deficient circulation (dyspnea, cyanosis, weakness, 
ebee % 


NERVOUS FACTORS IN VASOMOTOR CONTROL 


The nervous element in the control of the vasomotors is of 
great importance. It is well known that the vasomotor system is 
the most sensitive part of the body. The slightest emotion will 
cause flushing or pallor, or even an anemia of the brain which 
leads to fainting. bbe nervous Peeuation is especially under the 
influence of lack of "condition" from various causes such as in- 
fections, indigestion, lack of sleep, etce If a man is out of 
condition a slight effort will cause twice the rise in pulse and 
blood pressure that it normally should, and this rise wil lost 
much longer. 


There are observations to show that purely nervous factors, 
such for instance as grect mental concentration, will cause a 
higher and more lasting rise than severe muscular exertion. This 
is presumably because in physical exertion vasodilotation will 
provide for the extra blood=flow needed with very little necessity 


for increasing the blood-pressure. Where nervous tension is at ) 
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oa high pitch, however, the vi .soiovers are certain to share in 
this tension. Peripheral resistance will be high ond the blood- 
pressure will be high and sustcined. Pressures of 200 have been 
observed in young men as a result of mental work or excitement, 
and such a pressure may last for an hour or more, often until 
periphoral relaxation has bocn brought about by such moans os 
vigorous muscular exorcisc, a hot bath, cote. We shall soo later 
that this psychic reaction of periphoral vascular tonsion (and 
of incroasced heart rato as woll) hos a marked influcnce on the 
ability to withstand low oxygen. 


In the normel orgenism the amount of blood-flow will not | 
only bo regulated es to total omount but there will be accurate 
division cccotding to the noods of tho various parts of tho body. 

Tho aviator is not using his musclcos to DEE at ORbOME , 
so doos not necd a great incroasc in blood flow horo, though 
tho doficieney in oxygen is probably folt to somo oxtent in all 
the tissucs and tho blood=flow to all parts of the body may need 
to bo incroasod somowhat. Two parts of tho body however, must 
bo especially taken caro of, tho brain centers which fool the 
wont of oxygen and are regulating its supply, and the hoart- 
musclo which is doing more than its ordinary worke It is probablo 
thet one important difforenco betwoon the "optimum" typo and the | a 
‘type who over-componsatcs and strains his circulation is thot 

he forner koops brain and heart woll supplicd with blood but 

does not flood the rost of his body, whilo the lattor has a 
marked increase of flow to all parts and so throws this unncecossary 
oxtra work upon the hoarte 


FAILURE TO COMPENSATE mean us 


It has already boon suggested that when circumstances arise 
celling for a compensation involving hoeart-strain cortain hearts will ‘ 
respond with the necessary cffort cven to their own detriment, while . 
cortain others will give up the task at once and allow physical in- — = 
officioncy to result. Tho difforcnce is partly one of condition of tho 
hoartemuscle and genoral physical tone, and partly of the quickness -- 
and efficiency of the norvous reactions which govern the vitel functions. 
The samo principle..applios to the whole body, even to the. porsonality, ie 

‘as well as to the heart alone. One individual will drive at business, Ip 
“~gthletics, cte., with an intonsity which brings succoss, but often at ib 
tho cost of hoalth3; another will save his health but lose the game or 
the business deal. fh 
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This conception is necessary in understanding the reaction to 
low oxygen. One subject will compensate fully with strain if it is 
necessary; the other will very early give up the effort and his effi- 
cioncy will be correspondingly early impaired. Inasmuch as the strain 
is most vitally felt in the circulatory apparatus it follows that the 
subjects who are most vigorous in adjusting themselves to the new con- 
dition will show cardiac exhaustion, while those who show early in- 
officiency.-will not. Furthermore, & mon who shows early efficiency 
can still go on with the cxperiment, becoming moro ond more ineffi- 
cient, but not straining his heart. The man who compensates, in 
other words, frequently gives out from heart or vasomotor exhaustion 
(faints) while the man who does not so compensate may remain more 
or loss in possession of his faculties to a much higher altitude « 
This rosult seems paradoxiccl since the former class are individ~ 
vols who are physically for superior to the latter. 


INSUFFICIENT COMPENSATION 


It is to be assumcd of course, that no organism will fail to 
make ony offorts to adjust itsclf to altered conditions. ie have how- 
ovor, encountered a fow individuels whose reactions have boen almost nil. 
Such mon show no demonstreatable rise in pulsc, no change in blood- 
pressures and none in respirations From this one could predict that 
the psycholégical tests (the best criterion wo have as to the suffi- 
ciency of the compensation) will show carly detorioration. lic havo 
observed "complete inefficiency"in a fow cases as low as 6,000 foot 
(or. ot the corresponding oxygen De RE Such mon are usvelly 
constitutionally infcrior, often undersize, with poor chests, poor 
color, clamny, mottled hands, poor complexion, ctc. 


In addition to these types of constitutional inferiority 
similar lack of reaction will be showm by many men, especially those 
toward middle age, who have lod a sedentary life, are overweight ond | 
flabby, porhaps with fatty hearts. In these cases it might be expect= cia 
ed that a good course of physical treining would much improve their 
reactions... It has long been recognized on Pikes Peak thet the visitors 
of athletic type and in good training are much less likoly than others 
4o be mountainesick. 


It is not to be expected that oither of these types will IE 
commonly be found among a class so carefully selected as avinotors. i 
Less degrees of inability to compensate however, are not uncommonly | He 
found. All theso casos of courso, follow the rule that the loss . ie 

-vigorous tho compensation the less likely the subject is to show heart- 
straine 
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THE "OPTIMUM" TYPE 


At the other extreme is the “optimum” type for aviation, those . 
who compensate fully to very great altitudes, retaining their cfficiency 
ond yct doing this in so accurate and economical a fashion from the point of 
view of the circulation) that there is little or no evidence of 
strein. When the break comes (above 25,000 fcet in the low pres- 
sure tank, at from 505 to 7% on the rebreathing apparatus) it 
cones with great suddenness; from almost full efficiency there is 
a quick lapse into unconsciousness, but still with no circulatory 
collapse. There is no loss of genoral musculor tone; the subject 
remains sitting with eyes open, stylus held firmly in hand, color 
full, though of courso cyanotic, pulso full and regular, systolic 
and diastolic pressures maintained. Recovery is almost instant- 
ancous on return to normel oxygen pressure, ond is completo. The 
subject usually refuscs to believe that he has not beon wmnscious 
and cfficient throughout. We must cttripute this unconsciousness 
to direct ation of low oxygon on the cortical centers while the 
Circulation is still in order. 


CIRCULATORY COLLAPSE 


Quito different is tho picture when circulatory failure 
has occured; cardiac dilatation, sudden collapse of vascular 
tone, ashy pallor, cold sweat, complete loss of musculer tone 
So that the subject always falls from his chair. Recovery is 
slow cond unsatisfactory; it $3 often an hour before the man is 
fmsolf againe Circulatory collapse may be scen at any stago of 
the experiment, depending on the omount of strain preceding 
it, and occasionally comes on most unexpectodly. 


HEART~STRAIN 


ocr ee 


Tho syncrome of hoart-strain followod by dilatation and 
fainting is of vory great importance in aviation. We know that 
fainting in the air is comuon and that such an occurence is 
practicaily always fatal. We know also that aviators almost 


infallibly develop in time a disabling "staleness" which we 
strongly suspect is the result of this recurring heart-strain, 
ond thot fliers who have "gone stale" are particulorly sensative 
to low oxygen, and particulary liable to dilatation ond faint- 
INE « 


Thet hecrt-strain is common was shown during © recent 
demonstration of the low pressure chamber to a group of medi cal 
officers, men certoinly of average health, though not in the 
best of training. Five men were taken into the tank and of 
these two head acute heart symptoms and had to take oxygen before 
20,000 feet was reached reached. The following day five more men un- 
derwent the test; one had a dilatation at 14,000 feet, another 
at 16,000 feet and « thirdat 18,000 feet. In other words, just 
holf of a group of ord nary subjects showed this very striking 
effect, it was interesting that in each case the dilatation 
was demonstreted by percussion while the subject still felt per- 
fectly well according to his stetement, but in each case he 
began to fgel ill before « minute had passed and would have 
fainted if oxygen hed not been given promptly, 


Let us summarize what has already been said as the in- 
cidence of hecrt-strain; the "optimum" subjects do not show abs ee 
either because they have a strong heart-muscle or becouse their 
compensation is made so economically as to throw o minimum of 
work on the heart. The poor types of reactors (those whose 
compensation is of low erede) do not show it beccuse their hearts 
are not being asked to overwork. Subjects with defective heart- 
muscle do not show it because their hearts refuse to overwork. 
Those who do show it are young men of guick reaction, usually of 
excellent constitution though often "out of condition”. Such subjects 
often have c marked psychic reaction from the stort with rise in pulse 
and blood pressure, indicating undue tension of the nervous system. 
When one listens to the heart it is evident almost from the start that 
this organ is working too hard; at first, perhaps, with plenty of re- 
serve, but later the limit is passed and there is 4 sudden break. Mt 


What is the essential difference between the "optimum" type and 
what might be called the "next to the optimum type", by which the one 
shows no circulatory exhaustion up to the point of unconsciousness while 
the other breaks? It is partly strength and quality of heart muscle 
and ability to stand strcin, it is partly a smooth working of the nervous 
regulation of heart and blood-vessels including freedom from high nervous 
tension; it is partly the ability to furnish an abundant circulation 
through the coroncry vessels when need arises. It can be expressed in one 
work familiar to physical trainers, “condition”. If we knew just what 
"condition" means we should have the answer to the questdon above, 
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Solid line shows percussion outline of heart. 
before and after experiment. | 
| Broken line shows outline at 19,800 ft. 
: | elevation in low pressure chamber. : | 
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CONDITION, 


We imagine the chief elements in athletic condition are a strong 
heart-muscle, a highly efficient coronary circulation and good peripheral © 
vasomotor control. We may guess that there may be even deeper factors 
such as a difference in the chemistry of the tissues allowing repid metabole 
ism, and the ability to generate energy rapidly without the accumulation of 
harmful end-products. At any rate our work strongly emphasizes the necess- 
ity for keeping aviators as nearly as possible in perfect physical condi- 
tion and preventing them from flying when they are not so. We believe they 
should daily be made to exercise in such o way thot the heart will have to 
work harder, the coronary vessels deliver a full volume of blood, the vaso 
motors be practiced in their work, the respiration deepened and metabolism 
kept going at an increased rate. 


TEMPORARY INDISPOS ITIONS 


By "lack of condition” we mean not only "softness" due to lack of 
exercise but many temporary indispositions such as moy follow agbad cold, 
recent illness, lack of sleep, overwork, alcoholic excess, etc, The in- 
fluence of such factors on ability to withstand low oxygen was well illus- 
trated by « subject who hed been tested many times ond found to be one of 
the hardiest we had met with. One day he wascorried in the low-pressure 
chamber to an altitude of 22,000 feet and kept there about fifteen minutes 
with almost no effect on his general efficiency or on his heart, Thet 
evening he dined with friends, drank 2 moderate amount of alcohol, and 
went to bed late, The following morning he felt rather giddy and had a 
slight headache. He was tiken to 18,000 feet in the low-pressure chamber, 
At this point he hod reached complete inefficiency by the psychological 
tests, was rather cyanotic, and examination of his heart showed the left 
border out three or four em. If he had not been given oxygen at once or 
brought down quickly he would have fainted, It wes fortunate for him that 
this ocmrrence took place in the leboratory and not while in an aeroplene 
thousands of feet above ground, 


We can only speculate as to whether such differences in condition 
are due to verictions in nervous control or whether they have a basis in 
the chemistry of the tissues, At ony rate such temoorary lack of condi- 
tion is « much more serious matter than we are tempted to believe, Athletic 
trainers recognize it chearly enough, and would not allow such a man 
to participate in a game not because he vould injure himself but 
because he would not hold up to the strain and might lose the zame.e 
In flying, where the aviators life is at stake, equal care should 
be observed, to say the least, Sea) 
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PHYSIOLOGY OF EXERCISE COMPARED WITH AVIATION 


It must be born in mind that the demand made upon the heart 
in aviation is widely different from that of physical exercise. The 
mest obvious difference is that one call is familiar and we are 
used to meeting it, otherother is unfamiliar and requires delicate 
and accurate reflexes to sense it and to meet it properlye 


In the body at sea-level the regulation of the vital fun- 
ctions is largely activated by carbon dioxic, cr more breadly 
speaking, by the chemical constitution of the bloode During ex- 
ercise a large amount of CO» is produced and at the same time 
other metabolic products find their way into the blood, so that 
respiration and circulation are stimulated to gred activity» 
There is a great margin of safety in this method; long before C0 
and other substances in the blood have risen to a toxic level the 
fecling of exhaustion is so insistant that further physical effo rt 
becomes almcest impossible. For this reason ciseulatory collapse 
rarely occurs as the result of physical exertions 


In the case of aviation, on the other hend, no extra CO 
is being found and the low atmospheric pressure so reduces the 
partial pressure of the CC. in the blood thet it exerts little 
if any regulatory action. The probability is that the activation 
of the vital centers in this case ceases to be a function direct- 
ly of the constitution of the blood, but Gepends on the oxygen 
metabolism cf the nerve-tissue itself. At any rate the margin 
of safety between the stimulating and the. paralyzing effect of 
oxygen-want is very narrow, and since there is no @yspnea and dis- 
tress preceding the final collapse the latter comes on with no 
warning; hence its herrible danger to the aviatore 


In exercise, again, there is a natural check afainst excess 
which is lacking in exposure to rarefied air, When exraust+cn 
comes one is forced to rest, thus terminating the extre work for 
the heart and giving a chance for recovérye In the case of ohs 
aviator however, exhaustiom. brings exactly the oppesite result. 

If the heart falters for a moment not only da the nerve-centers 

run the risk of exposure toa paralyzing anoxemia, but the coronary 
circulation becomes insufficiert, and on the fullness cf the 
soronary blaod-supply depends the ability of the heart to do this 
werk. Thus a vicious circle is started, and onse *he heart has 
begun to fail nothing can avert collapse. in exercises faitering 

of the heart means the opportunity to recover, in aviation it 

means a break in competence and dilgéfion, and probably death if 

the exposure were continued. 
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. FAINTING 


Before leaving the subject of fainting it should be re- 
marked that this occurence is common at all altitudes, even the 
loweste It occurs, of course, in ordinary life on the surface 
of the earth, not as .s a sequal of heatt dilatation, but asa 
vasomotor neurosis pure and simple, Evidently however, since it 
occurs so very frequently in flying we cannot consider it purely 
a@ neuroses or dismiss it as a physchic effect. We must day rather 
that ifrepresents a demoralization of the vasomotor system in its 
effort to make the fine (even though not laboFious) adjustments 
necessary to compensate for oxygen deficiency. 


An interesting analogy may be drawn to writer's cremp and 
other occupational neuroses, which suggests an explanation for the 
occurrence of vasomotor phenomena, such as fainting during ex- 
posure to low-oxygen. These neuroses are never found.on the long 
continuance of fine muscular movements involving accurate co- 
ordination, as in writing, use of the typewriter, sewing, playing 
a Musical instrument, etc. On this analogy it is easy to under- 
stand how the constant delicate adjustments demanded of the whole 
circulatory system during repeated flights at every varying alti- 
tudes may tead to demoralization of the vasomotor system even when 
the actual strain is not greate 

For this reason we are inclined to class fainting as a low- , 
oxygen effect even when it occurs near the earth. It is probable Qe 
that the routine use of oxygen at the lowest altitudes would pre- 
vent a great deal of the fainting in the air. As our work has 
progressed we have become more and more impressed with the perfect- 
ly definite effects following exposure to altitudes below 5,000 
feet. These results are usually not observed at once but are 
cumulative, and are ordinarily seen oly in aviators who have be- 
gun to "go stale". It is not sufficient therefore, to bar a stale 
aviator from high flights; he should not fly at all, 


EFFECTS ON PATHOLOGICAL CASES. 


We shall now consider rapidly the behavior on low-oxygen 
tests of subjects with définite circulatory Jesions of variéus 


type Se 
ARTERIOSCLEROSIS 


Individuals with stiff artéries give a very charactéristic: 
reaction. They illustrate very clearly that the physiological 
response to low oxygen has to begin at a very low altitude in 
order to preserve the normality of the body. Such subjects will 


5-13 


Japa’ ad ' 
ae et set ae: 
ine » t ‘als it ie 


geist 


. 


VF 
se COTES ee 


‘a 
aes ve We Sas an e . 
ot ed, ery 


eat 


Sana! 


at pars 
any ‘ pads 


al 


ri 


ns 38 Bae 


show effects very early, both by their @nefficiency and by the 
abnormality of their heart soundse We have seen several who 
were “completely inefficient" at 8,090 feet while at the same 
time the heart rhythm was hurried, the first interval shortened, 
and the first sound weak and valvulare 


The essential difficulty with staff artéries is that they 
will not play their part smoothly in bringing about increased 


blood-flow and at the same time sparing the heart. For this reason 


even in ordinary life, arteriosclerotics must continually be hav- 
ing sudden marked rises in blood-pressure, the result of every 
exertion and every emotion, The extra strain thus thrown on the 
heart must lead either to overwork of that organ or else to in- 
efficiencys 


Nothing illustrates so well this leck of adaptability of 
old arteries as avaation. Almost immediately the blood-pressure 
rises sharply. (Ve have observed e pressure oF 180 in sevoral 
perfectly healthy and vigorous cidcr men }. At the same time the 
pulse accelerates. This strain has tc be carried by the heart at 
a time when the coronary vessels, themselves sclerosed, are not 
furnishing the heart-muscle the extra blood-supply called for, 
and the blood that does come carries progressively less and less 
oxygens Of ccurse, the heart canneot meet the aemand for more 
blood-supply and the work is simply not cone, Such hearts do not 
‘dilate in our experience because they give up the task rather than 


overstrain themselves: at any rate we have never dated to carry such 
a subject to a point where there was likelihood of cardiac diletation. 


It is an old aphorism that age means only the condition of 
the arteries. It is well recognized abroad that the best age for 


the aviator is in the early twenties, and that the older he is beyond 


this point the less efficient he is likely to be in service, Cur 


~ 


observations with the low-oxygen tests bear this strongly, end sug- 
gest that the explanation may lie in slight changes in the srterial 
walls and muscuviature at a much earlier ege than it has been supposed 


that euch changes can occure 


This statement does not imply that there are no men above thirty 
or even in their forties who belong to the “opti oun" class, but the 
older a man is beyond twenty the more likely he is to show the artérial 
type oi reaction to low-oxygene Thus, Many men of about thirty-live 
will show a certain hypertension from the start with e constant rise 
as the test goes on, @- Boy 135 rising to 150 to 160. In these cases 
the heart-muscle will carry the burden much longer than in the manifest 


artériosclerotics, and there will be normal psgchologicai regcvion 


achieved by heart-strain, followed eventually in many cases by didgata- 


tion of the hearte 
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ARRHYTHMIA 


The effect of low oxygen on subjects who have any tendency 
to arrhythmia is very striking. Abnormalities of the heart-beat 
mechenism invariably become exaggerated to an alarming degree. fin 
occasional extrasystole, for example, will occur more and more fre- 
quently as the test progresses, until the majority of the contract- 
ions are of ectopic origin or until there are considerable periods 
of abnormal beats in series like thosé of paroxysmal tachycardia. 
This of course interferes with the efficicncy of tho circulation, 
so that these subjects become very cyanotic, very uncomfortable, and 
foil early to perform well on the psychological tests. 


Sinus arrhythmia always becomes more marked during the test 
but is to be regarded rather as a sign of youth and vigorous re- 
actions than as an abnormality. .It hes no clinical importance as 
far as we know. 


VALVULAR DISEASE 


The diagnosis of valvular lesions is casy during the low- 
oxygen tests We have becn ablo to identify a considerable nunbor 
of cases in men who had passed rigorous army examinations. Murmurs 
and thrills develop in a surprising fashion when duo to organic 
disease. On the other hand, we have observed a certain number of 
presumably functional murmurs which did not alter during the test 
while the heart continucd to be porfectly normal in action. 


The behavior of hearts with valvular lesions depends on 
their degree of compensation. If this is poor and the heart-muscle 
wook they will give up the fight carly, allowing incfficiency to 
develop; at the samc time there will be marked cyanosis and great 
discomfort in breathing, with palpitation. Cases with poorly 
compensated mitral stenosis do especially badly and are very un= 
- comfortable. 


A woll compensated mitral inofficioncy, however, behaves like 
an over-working normal heart. Such hearts must have a good quality of 
hoart-muscle and good coronary circulation to remain compensated in 
ordincry life, and are woll used to over-working at timcs to mcot the 
demands of overy day. They roact vigorously to low-oxygen as a rule, 
run a rather high blood-pressure, an increascd pulse, give ovidence 
of overwork from the start and cventually dilate and give out. 


IIi-15 


ibaa? sie’ se 
disks ees ei eeebe tc: 


ae 


es exons oa a 
pee te pe Sonal esheny, 
rr aes WA 


mI eat " ads eka: 
Bes <7 wake a poo Oe Ke 
e's + ¥ ae .- yo 


i ie uh a ae oe 
is : et By ap oh 


“hs 


ax. pits: 
see rhs oe i Shi mone) so chokd ae 


~lee o, om6 a 3 ies net - % blosaae 


_ We believe that no man with a valvular lesion should be allowe 
ed to fly, no matter how porfect the compensation, not only because 
of the likelihood of imacdiate heart-strain with dilatation and faint- 
ing, but because in the course of time the cunulation of repcoated 
streins will bring on ao disastrous condition of the heart. Cases have 
been observed in the sorvice where a heart originally woll compensated 
has cventually brolen dotm, and tho subject in these cases is not only 
unfit for further flying but the heart injury may be irremediable and 
he may havo to look forward to a life of invalidism and carly death. 
We have seen two eases of mitral discase in aviators where distress was 
found to be pretty marked whon the plane risos to 2500 fect. 


ATHLETIC HEARTS 


"Bthlotie hearts" behove particularly badly under low-oxygen. 
There is still no gencral agrcomont as to just what this torm signi- 
fics, whether it ropresonts moroly ea great hypertrophy of tho hoart 
which has not receded or whether there has been definite injury to ; 
the hoart-muscle by strain. Tho latter supposition is thc moro proba- sd 
ble, beccuse we know that the normal body not only possesses great ‘ 
powers of incroasing its various functions to meet special calls, but 
whet the recession from such unusual inercase in tissuc and function 
is normally accomplished casily and scfcly. ie must thorefore assume 
on general principles thot the so-called "athletic heart" moans an 
injured heart-musclo, not a subinvolution. Clinically the diagnosis 
is usually casy: a history of oxccssive athletics, ospocially rowing 
and distance running, a hcart somowhat enlarged to porcussion, an 
abnormally heaving apex-heat, and sounds which are cither notably 
loud and booming, or in a later stage are of poor and valvular quali- 
tye There is usually an absonco of murmurs, though the dilatation 
eon casily lead to o relative mitral leak. 


The reactions of the athletic heart to low-oxygen cre always 
excessive, marked increasc in blood-pressure and pulse, but there is 
likely to be a rathor carly loss of componsation, sinco the damaged oe 
heart-muscle is wmable to carry the strain}; it will cithor givo up 
the tas: (eyanosis, inefficicncy, ctce,) or will dilate and cause 
fainting» 
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Left the hospital three days ago where he was laid up for ainweek 
with inflyanza, Feéling fairly well today though not up to his usual 
form. 


The first chart (Chart 1.) is typical @f a man out of condition, - 
rather high systolic pressure, psychic rise in both pulse and pressure, 
followed by sudden faint at about 8%, In this the diastolic pressure 
fell practically to zero: the systolic pressure and pulse also.‘broke 
sharply as may be seen by the slow recovery after the experiment was 
terminated, 


He was tested again two weeks later (Chart not given) and made a 
very good run with the exception of a rather high blood-pressure (148). 
In this test he was not completely inefficient when taken off at 5.5%, 
After two weeks he was given a third test (Chart 2.), which entitles him 
to an "AA" rating, The systolic pressure stays*below 140, there is no 
break in diastolic, and there is a moderate healthy rise in pulse, 


This case illustrated the very serious effects of temporary indis- 


position, 
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190 J.E.S., CHART #2 
May 11, 1918. 
| Seme subject as Chart #1, four weeks 
eee sis _ later. . 
2 Excellent test in every particular. 
: “Clase AA” 
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Is decidedly "stale", hates to go up in the air at all, 
tired and depressed and is discontented. in the service at present, 
Certain complications at home are on his mind a good deal, 


This chart is typical of a man in poor physical and mental condition, 

He fainted rather suddenly at about 13%, 
shown little compensatory response, blood-pressure too low from the start, 
pulse rising slightly and respiration hardly at all affected. 
might be expected to faint at any time during a flight irrespective of 


elevation, 


No rating given but for the time being is unfit to fly at all. 
Withdrawn from flying and recommendation made for furlough, 
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E= L.R.S., Age: 
180 [==> Cadet was decidely “stale.” Fainted- 
| suddenly at a low altitude. "Class DY — 
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Age 20 yrs.~ 2 MOS, 


Previgus to this he had 
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Mo. 50 Pilot, Age 30 yrs,- 8mos, 


In good health but "out of training", and twenty pounds overweight, 


This chart shows almost total failure to compensate, There is 
very little change in pulse or blood-pressure, and the respiratory re- 
action is deficient, For this reason, there is early appearance of 
inefficiency as shown by the psychological characters, and he is "com- 
pletely inefficient" above 9%, | Since there is no circutatay reaction 


there is no evidence of strain, "Class Cc", Because inefficient at a 
relatively low altitude," 


Legend pee OUR omuli@rmiwe Pulse eo -——e---eResp. in decil. per Min. — @resserevo Syst. B. P i 
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E.0.T., Age: 31-8/12 pcan 
Almost no compensation. Practically Be 
no change in pulse and blood-pressure. = 
Inefficiency at e very early point. 

"Class C” 
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No. 217 DR, | Cadet, Age 20 yrsen 6 mos. 


There was a roughening of the first heart~sound ee Bit elagde 
the test, No demonstrable enlargment, second sounds equal, erat 
the test a definite systolic murmur developed and the pulmonic sec 

was accentuated, There is no doubt of the diagnosis of mitral in- 
sufficiency well compensated, 


chart is typical of most cases of valvular lesions, The 

pulse fe tes Loch ant the test, The systolic cap day eee ue 
uniform, Distolic pressure begins to fall between 9 and 10%, bu ? 

in control at all times, Respiration shows rather a ee one 
Efficiency is well preserved, the psychological note being a repeal 
is accomplished at the expense of marked overwork af the hear ; ‘eal ais 
this is well borne at the present time, the presumption is tha ei 
ject would soon show the effects of wear, and permanent damage to 
heart might easily result, 
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VARUEL OF OTOLUTIG Dever LNT 


Medical Research Laboratory 


THTRODUCT OLY 
“. : Shapter 1. 


Certein unique features concerning tre study of the ear in 


aviation are worthy of speciol atcention Since our entrance 


| int. the war the ‘edical Deyartment of the avizvion service has @n- 


countered certain ;roblems of aphthalnologic, casrdio-va scular, regoire- 
tory, ,sychiatric, and other character, The wort: of researcn into 
Oz1¢ the relation between the. motion-perceiving function of the internal 


earch 

rious to ear and flying, however, had been undertaken long before the entrance 
wer 

of the United States into the war. A group of otologists had conducted 


experiments and carried on investigations involving the end-organs, 
nerve-paths and brain-connections of the vestibular portion of the 
internal ear for a period covering the preceding decade. Many months 
before the United States entered into the conflict several of this 


group of otologists had been in correspondence with the Medical Depart- 


ment of the United States Army upon the subject of the physical require- 
ments of applicants for the air fighting forces; and the total avail- 
able work done upon both sides of the Atlantic was made the basis of i 
the standards adopted for these physical requirements of prospective 
army flyers. 
Immediately after our entrance into the war the present Air Medical 

Service was organized. The Chief Surgeon of the Air iledical Service, 

bitrary 

quire- when he was confronted with the chi aa of formulating a plan for select- 

nts fixed | 

Chief Sur-in ing men for training as flyers for the army, decided to attempt to limit 


on Air 
dical Ser-the admissions into this service to men who were definitely known - as 


‘ far as was possible to determine by skilled medical examinations - to be 
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he 
possessed of normal physical equipment, 

The determination of their possession of all attributes other 
than physical, fell to another division of the air boeioe, the 
Mental Examining Board, and at no time constituted a part of the work 
of the medical service. The sole duty of the Chief Surgeon with res- 
pect to the examination of a; licants for flying training was to 
demonstrate in each man the presence of normal physical equipment. 

For the purpose of furnishing a standard plan on which these 
physical examinations could be conducted upon a uniform basis, blank 
609 £,.G.0. was formulated, after consultation with the highest medical 
authorities in the various special fields of medical work covering 
the complete physical examin:tion of man, The ophthalmologist, the 
otologist, tae rhino-laryngolopist, ing neurologist, the respiratory 
and cardio-vascular specialist, the gastro-enterologist, the orthopaed- 
ist, the general surgeon, the dermatologist, the genito-urinary special- 
ist, are all represented in the constitution of this examination blank, 
and the general field of complete physical examination covered to the 
satisfaction of each. 

Special care was exercised to pick the highest grade medical 
examiners available at each point where it was deemed necessary to 
establish a physical examining unit, and the work of each unit was 
departmentalized in the best manner possible to render each examiner 
capable of serving in his most efficient capacity. 

No difficulty was encountered in ge curing the services of men 
well-trained in all special medical work represented in this blank, 
with the notable exception of the examination of the internal ear. 

This was relatively so new that the limited number of those capable 
of doing this portion of the work rendered it necessary in estab- 


lishing each physical examining unit, to pay special attention to the 
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3 
selection of the otologist. In many instances it was necessary to 
deveiop the man ca.a.le of handling this portion of the work by a 


Special intensive course of training and instruction. 


Carefully detailed instructions vere »re-:i:ed by high authorictacs 


tailed in- 
i we ; SET ; , 
tuctions upon the individual medical braticies inv lved in this scecial examina- 


i tion, and these were sent =o ec. livsical exarthin- unit For its 
guidence; from time to time a citional instrucii us were issued vv the 
Chief Surgeon for the  ~urrose «f f:sther improving tue examininy ser - 
vice; s ecial visits to :hysical exarining units -ere aade from time 
to time vith a view to maintcinin, this service at its highest ef- 

3 ficiency, and fre went Seren eptien st the best irtormed wedical 
autnorities on the subjects involved’were neld, in atcempts to omit 
nothing which might iinprove the quality of this work. Full reference 
was made to the accumulated ex,evience of the Allies; and confidenticl 
and other reports from medic«l officers in England and France vere 
thoroughly. digested and used to sha_e up the service of the Chief 
Surgeon's examiners. Lae 

Among the a;plicant's sensory equipments vhich were deemed im- 
portant to demonstrate as normal were visual perception, sound fer- 
ce, tion, deep sensibility (or muscle-joint-splanchnie or Kinaesthetic 

— sense) vactile sense, «nd motion erce,tion; svecial examinations of 

olfactory, taste and certain cther §,@¢ial senses, such as cold, heat, 

~ain, pleasure, sexuri, tio-le, ouger, toirst; nausea, and otzers 

‘ere not deemed of sufficient military importance to -arrant s,eciel 

Scrutiny. 

Tne difference between the nan on the ground and the nan in the 

G@ir lies in the fact that the forner can stand still, the latter cannot 

When the flyer walks across the field to his plane, all his sotor co- 


ordinations are concerned with maintaining the ;rorer relation betreen 
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? his body and the element which is sup:orting its weight, the earth. 
otor co- 
rdinations Wnen he strazs himself in the seat before flight, he practically 
| strays wings to his body; thenceforth, until the end of his flight, 
€évery movor-coordination is concerned with maintaining a proper re- 
lation with the new elenent which is supporting his weight, the air. 
The only seans he possesses of adjusting his relation with the new 
weight-sup; orting element is the plane; while flying, all motor-co- 
ordinations, whether carefully calculated or instinctively performed, 
are conserned exclusively with controlling the plane. The promrtness 
and efficiency with which motor coordinations are performed dererc 
directly ujon the acuteness of sensory ;erce, tions. 

Rising in the air in an aeroplane is made possible only by rapid 
pensible motion. Acuity ¢ motion-perception assumes much greater importance 
to the flyer than to the pedestrian, and in order to aprreciate the 
full importance of this, one must have a clear conception of the com- 
ponent senses going to make up motion-pereestion. Muscle-and-joint 
sense, (splanchnic visceral sénse, kinaesthetic sense ~- all 
grouped for convenience under the term “deep sensibility", )vestibular 
sense, vision and tactiis sense, each perticipate in the composite 
of general motion-perception, 

The eget of deep sensibility, on the ground, is prac- 


tically exclusively concerned with sensing the effect of the pull of 


pared withgravity upon the body; in the air it is also concerned with sensing 
fir-plane ‘ 

tue effect upon the body of two other pulls, that of the plane's pro- 
peller, and that of centrifugal force on curves. Impulses generated 
by these three pulls coming in vie the deep sensibility tract must 
undergo accurate analysis in the brain and be properly estimated 


and latele? 4* confusion and misinterpretation are to be avoided in 


“hile such analysis is accomplished by normal in- 
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5. 
dividuals it is only at the wanes of a certain amount cf the more 
atouvate sensing of the rull of gravity. Whereas on the ground 
practically 100% of this incoming information expresses gravity pull, 
& less percentage of gravity pull is expressed by it in the air. 


Vision, possibly the most important of 211 motion-perceiving 
Vision or 
tne ground senses on the ground, suffers some impairment of its usefulness in 
conpared 
With in the air by reason of the reduction in the number of visible elements 
tne air 
a in the new environment such as the usual objects making up the land- 
scape. When darkness or cloud further reduces the utility of vision, 
this sense becomes almost eliminated as a source of guiding informa- 
tion to the flyer. 
Bis Tactile sense contributes less than any of the other three 
sctile sense 
latively senses to motion-perce;):tion on the ground; to the flyer, although 


important insulated by warm clothing, goggles, gauntlets and helmet 


it is still of value as a source of guiding information. 


. Vestibuler sense suffers no depreciation in utility in the air 
Stibuler 
@ its 28 compared with on the ground. Its sole function hes slwsays been, 

on sens- 

utility and continues unaltered in any way to be, pure sensing of motion. In 
reat in 

air as flying, therefore, its function assumes a relatively greater importance 
n the ground : 

than that of the other special senses co-operating with it to furnish 
the individual with his composite of knowledge concerning motion. 

In view of the foregoing, it is ap, arent that in flying, motion 
takes on a much greater importance as regards potential safety or 
disaster for the individuel than it possesses on the ground and that 
motion-perception is commensurately of greater importance in the air 
than on the ground, 

Regardless of the actucl percentages which would express the 
shares of vision, deep-sensibility, vestibular and tactile sense in 


the total of motion-sensing on the ground, it is established that 


three of these four are reduced in efficiency by conditions incidents] 
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6B. 
to flying and the fourth, vestibular sense, is not so reduced, and is 
therefore of relatively incrensed importance, It follows that it is 
of prime importance to determine that men to be trained is flyers 
possess normal vestibular appsratus. So important is it for the flyer 
to possess nornal vestibular acuity of motion-perception that no man 
Should be permitted to begin training as a pilot who has not definitely 
es normal reactions to vestibular tests. 

The entire vestibular ap,aratus was tested as carefully and a 
accurately as the state of our knowledge concerning it permitted. It 
qirenentswas decided to reject ap, licants whose vestibular apparatus gave evidence 
| of motion-sensing acuity below 4 certain degree, albeit it was fully 
realized, in establishing this limit, that it in no way represented 
& line of demarkation between acuities of this perception compatible 
with and incompatible with flying. 

It was fully realized by the Chief Surgeon and ais staff that it 
18 possible for a man to fly with a vision of 20/40 or 20/60, or with 
&@ talipes, or with a hearing of 5/40. The decision was arbitrarily 
made, however, that no man would be accepted for flying training by 
the army except those with 20/20 vision, absence of gross malformations, 
40/40 hearing, and acuity of vestibular motion-perception as represented 


by a minimum of 16 seconds nystagmus and mormal past pointing and falling. 


At tne tine of the establishment of these standards it was recog~ 
iculties i . 

leciding nized as a very diffioult matter to state dognatically what constituted 
l arbi- 

y Stan- the average length of nystagmus and past pointing. Al] that could be 
relied upon were deductions from clinical experiments with a series 

of healthy individuals examined by various observers over a period 
covering over ten years as contrasted with the impaired responses 


observed in over a thousand pathologic cases. It was realized that 


it was a great responsibility to establish what should be regarded as 


ya J 


“aioe venubie on 360 au ali Ae . 4 


Ae i 4 oe ee seh econ 21 yr hens ie Ty ‘bow wore ’ 
| “hh na inal Sd ‘ee oF iia shite ‘satcraeah #9 | 
a ‘ rien ee Nad 2) Se: vac -s aap Negras: wane 
| teeing ee Pas nose “% ante ynaoagen 4 eS sa bate sepia: . 

celts tks Sock Get goth oh a aia ae fgg! ny peas te 
peer ntuniee ie pier : 
oS Sr ee ae prdad es adie iv —— 
w) b Ay 22 ROO S” eg bet inl 4 
anaht . a eles Sane F ssciisheie acon 
' hal ae ron LAY ORR On Mise aa s ‘eho 


45 val pug % “ie Lae ; S of 


‘ 1 ‘ } : s cht 


fe: he) ee ere me F het it nS Baers epale te ips bba 


a ‘ 
Ja 2 ; ; 
dd ape ge | ORs th ORNOS ae, aolba oe 
oF) awe su% } i { os ae 4 agit 
| ‘ A iv ‘ 
P fess 
» f+ ne of 
et Stttncd nerert ae ia 
‘ee 


- 


aersiosnektia: nia 46 enon ds  apaete eos. 


1 ay ; apy bah eT wrpekdoe: swsatasese, ‘Ne 


Nhe? GAR {aitaso:,. foAe ‘Eoin! bis 


i : ttus adantise Sis 


of e4- Dhom sa pete its 


phe ‘ Ae” 


Sco see aes ENORTERS | Rs $y tsprerilb 4 


¥ 
se 


at 


woe tei mont 


Te 

normal responses. It is therefore with a great deal of satisfaction 

nfirma- 

on of 

sdom of that we publish at this point the composite results of the turning 

opted stan- ; 

rds chair test performed by skilled standardized otologists in the examin- 
ing units on many tens of thousands of ap,lieants for the aviation 
service. A compilation of statistics has been made, the digest of 
which, with res,ect to responses in nystagmus, past pointing and falling, 
entirely confirms the judgment upon which the original standards 
were based. i 

The equilibrium tests proper, exclusive of the static and dynamic 

tests, are cause for practically all of the rejections in this particular 
field, being 2% out of a total of 2.04%, or 2 out of every 100 men 
examined. The average duration of nystagmus of the entire number of 
men examined was, after turning to the right, 23.5 seconds; after 
turning to the left, 23,2 seconds. In those who qualified, the nvystag- 
mus, after turning to the right was 23 seconds, after turning to the 
left, 23.1 seconds. 


. The average number of past-pointings for the total number examined 


; is as follows: 


After turning to right with right arm, - 3 
Vi 4 ik i u left is oe is 
. i : Hie deet SURO E Ses ck a ie - 8 
it i 
4 " SR a ea - 3 
The Chief Surgeon held himself in readiness to alter the adoyted 
bility 
teration physical standards at any time, 6vidence indicating the wisdom of so 
adopted 
a. doing was adduced; realizing the wealth of available material for army 
k 
a? flyers at the start of the formation of the United States Flving Corps, 
+ 
4 it was deemed best to maintain the highest standards until it became 


ap,arent that a change was for the best interests of the service. 


The physical examinations of ap; licants were carried out at 
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sixty-seven physical examining units, thirty-two of which were 
constituted by army medical men in various camps. As was to be 
expected, a certain amount of evidence of the fallibility of these 
examinations has come to light. Certain men heave been encountered in 
the Air Service who were physically unfit, ond certain others have been 
rejectsd who were physically fit. Considering the magnitude of the 
task, however, a review of the results of the examinations of a hundred 
thousand applicants in nine months reveals a performance on the part 


of these examining units which is satisfactory to the Chief Surgeon. 
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BAR, NOSE, AzD THROAT REQUIREMENTS 
CHAFTER 2, 


DETAILS RFQARDING EXAMINATION OF QUESTIONS G@ BLANL 609 A.G.O., FROM 7. 
2%. NOT INCLUDING 20, WHICH HAS ALREADY BEEN TOUCHED UPON, 


‘ i 


7. History of ear trouble: 


(a) Ever have ringing or buzzing in either ‘ear, car-ache 
discharge, or mastviditis? 


/ (b) Evér have attatks of dizziness from any cause? 


(c) Ever been seasick? If so, how dften and how long does 
if, last? 


} (ad) Ever had a severe injury to head? 
The answers to question 13 are merely designed in a gen- 


eral way to arrive at an indication of any previous eer trouble. 


vee ae ee Se 


It is to be taken into consideration that very few candidates are 
| 


_ willing to admit the history of ear Gischarge or dizziness, and 


SP 


| 
; conclusions will have to be drawn from the examination of the e@rum- 


_ head.and subsequent hearing and rotation tests, 
It is the universal experience that ell candidates deny 


_that they have ever been seasick, thinking thereby to prove that 


; they would be unaffected ky the motion of anaeroplane. Answers to 


i 
_ this question for that reason must be taken with considerable al- 
ah 


; } , s 2 Li 2 m 
i lowance, It is to be emphasized that it would be improbable for 


ou 


a person with perfectly normal ears not toc become seasick upon his 


first exposure to a rough dea, 


14, Appearance of membrani tympani. A perforation of the drum-~ 


head, unless transitory, is to be regarded as a causco 


4 
for rejection, 
If the drum-head is excessivély thin and scarred, evon if tho hear- 
ing is normal, the applicant should be rejected, Experience has 


shown that even in the low pressure chamber of the Laboratory, 
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perforations can easily occur in such drums by a rapid cescent. 

Pathological conditions of the internal’ ear cisqualify. 
Acute or chronic disease. of the middle car Cisqualifics, exccpt 
that re-examina tion afer full recovery may be made the basis of 
Subsequent acceptance. Moderately retmactec Crum=heac, loss of light 
reflexes, thickened Crum membrane, and chalk Ceposits ¢o not dis- 
qualify provided the hearing is normal, The pathology of the crum- 
head is nob an index of the hearing ability. No conclusions can be 
drawn without hearing tests, 
15 to 18. Naso-pharynx, This region must be carefully examined. 
if defect can be Peron by Speration, this should: be requirec 
prior to acceptance. If non-operable or operation is refusec, it 
is a@ cause for rejection, 

The question as to what degree of deviation of the sep- 
tum cemands an operation, is a difficult one to answer and must 
be left to the expetience of the examiner. One thing must always 
be Clearly borne in mind; aside fromthe straightening of an occlur’: 
sive deviation for the purpose of giving the candidate better air 
resecting ; 
e. ". the septum is not infrequently of great value as a pro- 
phylactic measure . The majority of individuals who have trouble with 
their ears are troubled because of a post-nasal and Fustachian 
tube catarrh, septal ceviation far back, impinging on the infericr. 
turb inate and acting as a:continual irritant to the naso-pharynx. 
should be corrected. Cases of markec. déviation which have lec to 
atrophic condition of the mucus membranes co not necessarily require 
erations. The prime object is to prevent acute post-nasal trouble 
which might come on as a result of exposure, rather than to attempt 


to obviate an imsidious mi@ale ear catarrh which might have come on 


h later life. 
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esssory sinus ciseasos. ven « suspicion of this condition should. lead tec 


The nares suculc be most carefully examined, gor any signs of ac- 


most careful anc painsteling examimtion, including properly tiken X-rey 
stereoscopic photograpis,. 
16. Condition of tonsils end history of attacks of tonsilitis, The cia. nosis 


St eae ew re 


Of Ciseased tonsils is a cifficalt one end mst be left largely to the ex 
incividual 

perience of the/examiner, Ganéidates are Cisinclined to admit a history of 

sore throats, It imst not be forgotten that probably 80% of the sick call 
S on the Other side is mde up of sore throats. Solciers who never complain 
‘ of throat trouble in this country, when they are subjected to the exposure. 
{ incidental to fick service, rajidly Cevelov inflammatbyy throat conditious 
Which disqualify temporarily fox duty. One should be cautio¥s in decloring 
_ a tonsil healthy, ail thio.ts ciowlé be exminec uncer goo¢. illmuiinetions 
attempt tp express contents of crypts should. be made and $f questionable ‘ 
mtter can be squeezed out, . the patie snould be vad Burieé tonsils 
in which the onterior pillar is affected should. be removed, as ould the 
hypertrophic type. The experience in this EAbiataee hag ‘been thet in spite 


of the fact that all candidates tere originally examined by throat»specielists, 


imny when re-examined in this iyatigueion showec. diseagec tonsils. Ovum gen 
eral impression is that it is better to err slightly omtthae sice of racic- 
alism in regard to operation on the tonsils for those about to enter active 
military service. 
Examination of the teeth must not be neglected. It nust never be 
forgotten that crowned teeth, pyorruea and alveolar infections way de the 
sourses of meh tozemia, Special attentioMW shoulé be given to this matter 
and if there is any doubt in the mind of the examiner as to the concition 


of the candidate's teeth, he should be instructed to have his mouth put in 


g00c shepe before finally passing him, 
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19. Acenoid.. tissue is very common in chil¢ren ane increases in size 

from birth to the age of six years anc then normally subsides about the 
age of puberty. One does not exrect to finc wmch adenoid tissue in adults. 
Adenoids do their han carly in life am this, 4s far as it concerns this 
oxamination, is evidenced by deformed Jas, misshapen noses anc. poor hearing, 
ddenoid tissue in the adult ig easily seen with a post~nasal mirrow, the 
digital examination being unnecessary. 
20. The condition of the Kustathinn tubes is one of vital importance. 
Generally speaking it can be said that if the candidates crumhead and 
hearinz is normal, the Eustachian tube is probably in good condition. In 
addition, reculations require that the patulence of the tube should be denon~ 
Strated by the auscultation tube Curing inflation by means of Politzerizetion 
or catheterization, The former procecure is ample for all practical »ur- 
poses. If tubal troubles are of sucha, nature as to demand it, en sxamin~ 


ation shoule. be mde with sone G00c. pharyngoscope, 
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The motion=pereceiving apparatus of the internal ear is subjected 


to stimulation by motion of certain standard quantity anc quality, 


tion of amd 


organs) 


(Results 
sensory, 
motor} 


(Vertigo) 


{Kind of 
motion 
usec. as 
stimlus) 


am the results are observed according to uniform standard methods. 
Two results are noted, - a sensory result, the subjective sensation 
of motion, anc a motor result, involuntary :novement of the eyes. 
When the subjective sensation of motion is in accord with fact, we 
call it normal sensing of motion; when it is not in accoré with 
fact, we call it ‘vertigo", The only difference between normml- 
perception and vertigo lies in the sensing of motion beingin accord 
with, or contrary to fact. The most practical means of applying 
motion stimalus is by the rotating chair, inasimch as the 
application of motion in a linear Cirection, for the period of time 
amd. in the intensity necessary to elicit certain standard responses 
to that stimmlus would necessitate apparatus entirely too bulky to 
be \(asceptible of practical application under ordinary conditions 
Of office examinatién. By making use of a rotational motion stimulus, 
instead of a linear motion stimlus, it was »ossible to work out a 
standarc means of applying motion stimulus in certain definite 
quality anc quantity in a manner, anc by means of an apparatus 
easily hancled in an office. Por this reason only, the subject of 
the tests of the vestibular apparatus is made to exverience rotation=- 
al vertigo. An accitional adventage in using the rotating chair 
is that it applies motion stimlus of a claracter to produce = more 
enduring stimlation pf the ené Organs Of tue se:ti~ cizcal.x canel. 
Motion in a linear cirection applied to a fluié conteinec. in . 


closed. semi-circular canal is physically incapable of setting wo a 
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flov of that fluic, just as rotational motion a wplied to a fluid 
contained in a straight canal cannot sct up 2 flow. 

Ewalds experiment Long ago ceteruined tl. t involtntary pudling 
of the eyesin & certain definite direction end plane occurs during 

normal . 

the time the fliud in e/semi-circular canal is inade to flow in one 
Civection; aml curing the time this “lwid is mece to flow in the 
Opposite direction involuntary pulling of tue eyes in the oovOSite 
direction occurs. By applying rotational aotion, it is possible to 
reprocuce Ewaléds experiment in efect, as «a test or eye- reactions to 
vestivular stimilation; | ma when the character am intensity of ro- 
tational stimlus is standardized, comperisons of the results can de 
meade and @ normal Bee lenetton Cetermined. This motor exoression of 
inmotion stimulation is iystagmuus. 

The norma. man experieness & sensation of vertigo fox between 
fifteen and forsy seéonds after being tummed eccoréing to sten@ardé 
technique. Evidence of this subjective sensation may be hac by vol- 

eee involuntary: testimony; voluntary testimony such as “I':n 
turning to the right", “Lim still turning to the righ " ete., Curing 
the persistance of the subjective sensation; involuntary testimony, 


such as pointing test end falling, Standard tests make use of in- 


by voluntary testimony with advantage. dn observing the pointing 
before turning, a very importan’ element in the test cen be injected. 

‘ 
by implanting in ttemind of the applicant the definite idea that he 
is to attempt to determine the location in space of the observer's 
finger solely by regestering in hig memory the Location of it acecord- 
ing to his tactile sense. This can ve auguinentecd by having him touch 


the observers finger. in more than one DOsitions ag, for instance, 
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REGU CUS OF 


Pointing 
tests. 


Tusulation 
of subject. 


ignaling 


Gixectly in front of the fight hand, come back and touch; then 
locate agein 30 degrees outward. and come beck and touch; the same 
procedure in front of the left hand. This implants in his minc 


the foncamental idea of being able to »rientate himself solely by 


means fo information coming from his tactile end-orgens. Atte: 
Standard rotation to the rigt.t for example, normal iwu acje1iciuce 


certain very Cefinite vertigo, a subjective sensetion of turnin, 
to the Left in the seine plame as the rotetion for a noid  pe.do. 
Of time. If tlie mointinzg test is carried out Carding t-is > 1oc 
of vertigo, instead of suceeding in pointing accurately to the test~- 
ing finger he executes the pointing in accordance with his sub- 
jective sensation of motion. Feeling that he is turning definitely 
away from the testing finger to the left, he reaches for it to tle 
right. Thig is normal past ppinting. The insulation of tue ap- 
plicent Curing this test should be as pexfect as ES ee x A black 
domino mask shoule be used, absolute quiet should be maintained, 
olfactory impressions ‘should be shunted out, anc he shoule be left. 
as solely as Soepabae cepencent upon the information prought to 
nim along. the westiorles tract alone. Dic =) Llicant varie be def 
initely teeetae before turming that he should not expect a 
verbal order to touch the observers finger, raise his hand and come 
back, and attempt to find it after the turning; he should be prace- 
ticed before turing in executing nis touch, raising his hen, 
and coming back ro Pind the finger upon: receoipt of the signal 
from the observeits finger as it coms into the position hich it 
maintains during the test -- the observer bringing up his finger 
into position s0 es tD ta> the Koplieadtts finger as a signal ise 
aim to execute See piixtin:s ith 0.2t vorbal commend, It is very 
tmort.at for the ‘applicant's finger to finc a finger of the 


observer when he comes dowm in search of the finger which is 
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O> serving 
past~point- 
medley 


How to 
construe 
_ 
tory point- 
ing 


certing clement of Cissatisfaction in having failéé to find the 
finger for which he was searchigg. For this purpose the incex. finger 
of the observers left hand can be hele in readiness to furnish the 
touch necessary to shunt out this sense of failure, In observing 
the past pointing after rotation, the observer's right: index finger. 
shoulda be definitely fixed against the observer's hip, so thet vis- 
ual attention to it on the on the part o2 ie observer ean dé <.3s- 
pensec. with, the hip rest insuring its remaining definitely where it 
Was when the applicant first touched it in making the Paine tests. . 
The observer's eyes can be free to watch the Fadl ED finger at 
the top of the swing. Past-pointing at the top of the swing is just. 
as Cefinitely normal past-pointing as at the completion of return to 
touch, Many cases compensate after evincing a normal tendency, let 
us say, to past-point outward with the right hand when they shoulc 
cdo sO, and subsequently execute a compensatory touch or inwarc point- 
ing at the Aete of. the return. In such cases the pointing shonlé 
be regesterec. as that executed at the top of the swing, which is the 
fore 


primary and clean response pe/it has been altered by the subconssious 
or conscious 


/ cormpensation effected by other mental processes. Visuel attention on 


the part of the observer to the applicant's hand at the beginning 
of his downward botnite is of enormous importance anc it shoul. ve very 
carefully observee as dart of the stancaré technicgue 3 

The fall test is similar. A normel. man, on attempting to sit 
upright after leaning forward during right rotation, feels that he is 
turning to the left, for instance, oné so gives involuntary expression 
to this sensation by falling to the right on attempting to assume on 
erect sitting posture, 

These tests Min heschanin tae in less tlan five minutes, In~ 

cidentally, band tests are in no sense severe anc are in fact selcom 


regarded. even as unpleasant. | 
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Occasionally nausea occurs after these turnings; it is then merely 
necessary to stop the examination for the time being and to complete 
the remainder of the tests after an interval of half hour. Thereis 


“no need. whatever to wake these tests in any way distressing to the 


candidate, 
Obviously With respect to the internal car motion=sensing apparatus, its 
unfit 
Cases, nerve-paths and brain~connections, these turming-tests quickly sep- 


érate the obviously fit from the unfit. The majority of the candidates 

show normed responses; no further testing is recuireé and they there- 

.fore qualify and are accepted. Some candidates show such Warkecly 

subnormal responses that they are immediately disqualified and re- 
Border-line jected. A limited number give what might be termed “borderline 
cases. 

responses; the cuestion then arises, has this particular applicent 

sufficient balance~scnse to become an aviator? It is here that the 


caloric-test is useful. The turning hes tested both the right and 


Caloric left ears sipaltaneously. The caloric method enables us to test 
test 


—~ 


ee ee — SS ee ee 


each ear seperately. Water at 68° F. is allowed to run into the 


\ 


external aucitory canal from a height of about 3 feet through a 


stop nozzle, with the heac. tilted 30° forwerc., until the eyes are 


ine meg a 
Sa Oe Me on 


seen to jerk or tle incividual becomes dizzy. The length of time 
from the beginning ox the Couching until the jerking of the eyes 
becomes apparent, or until the epolicant says he is dizzy, is ac- 
curately weasared by a stop—vatch. The type of nystagmus is then 
noted.With head in upright position, it should be rotary and the 
‘details Girection ofthe jerk should be to the side opposite the ear douchec. 
The leqgth of tle douching shown by tle st op=wateh in the y waal is 
40 secomis. The eyes are tlenclosed aml the past-pointing is take n. 
The head is tien immediately inclined bechward 60° fran the perpéa= — 


dicular (or 90° from the original positim), There should tien an- 
pear a horizmtal nystagims to the side opposite to the ear coucher. 
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“The eyes are then closed and the past-pointing is taken with the 
head in this position. The left ear is then douched anc the 
same procedure carried out. If the caloric test applisc to one 
of theso “border-line" cases shows onby a slight impairment of 
the responses from cach car, the Hea aye is qualified. If 
instead of 40 seconcs of dw ching , there was required not more 
than 90 seconcs of Mircnine. to elicit normal responses the appli- 
cant is not rejected, Care should be taken to be certain that 
the cold water is reaching the drum-head curing this caloric test, 
Ae wax or other obstruction in th external canal would interfere 
with the responses in a perfectly covet indivicual, 

After carefully considering the foregoing, the Neurolo- 
gist anc the goncral diagnostician cannot fail to be struck with 
the comprehensive character of these ie pe tests, For fre- 
quently they are looked upon as Ear tests only. Six nonths ago 
one of the greatest otologists of Europe, in discussing these tests, 
raisec the question as to the necessity or advisability of incluc- 
ing in aviation examinations the past-pointing anc falling tests; 
his contention being that, in testing nystagmus only, one secures 
definite evicence of the functional state of the semi-circular canal 
end organs of the ear When his attention was drawn to 
the fact that, in testing the past-pointing and falling in adci- 
tion to the nystagmus, one establishes definitely the functional 
intactness: (1) of the various afferent paths, anc the intracranial 
Pre through which thoy pass, (2) of the cerebral cortical 
conters, anc thoir transcortical association tracts, (3) the ef- 
forent cercbral paths anc the nuclei through which they pass, (4) 
the crebellar nuclei, anc correlation paths to anc from cerebellar 
cortical centers, (5) various portions of Pons anc Meculla oblon- 
gata, his attitude was completely changed and ho becaine’a firm ac- 
vocate of the complete testing of nystagnus past-point ing anc 


falling as a routine procedure. 
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It cannot be emphasized too strongly thet the 
vostibular tests are not only ear tests; in addition they 
actually test very extensively a large portion of the central 
nervous syster, 

Gertain infectious diseases are known to manifest a 
precilection to attack the vostibular apparatus. acute toxic 
endorgan disease and nouritis of the VIII nerve are well recog- 
nized complications of mumps, typhoid anc some of the comuoner 
epidemic infections; syphilis is particularly prone to attack 
the VIII nerve. Pornanent impairment of function of the ves~- 
tibular apparatus in varying degrees ensues upon any eve attack, 
It therefore becomes necessary to re~exanine fliers at regular 
intervals in order to make cortain that no functional deteriora- 
tion of the vestibular apparatus has taken place, Regular re- 
examinations should be mace at intervals of about eight wecks, 
epeddal oxamination should be mace at once of any flier who mani- 
fests unusual failure to negotiate air-mancuvers with ordinary 


skill, 


ai BU 


sts bo# | 


1h ACRE REN, “goats eat ry ae teteas teary 


rig 
a 
uy 


- “ +O 4h 4 pate a 
¥ Batis, uaa ‘ i Pieg, sande y 
; : , ; \ : a ¥ 2 ‘ pe ye an tic 
W Mey Rin ee: po bl e) awkooaat! “seh tooled mi 
PAXOA OT. gy 
anon Liaw ot oven aw Bits fe attra 
TRO he Ru rs apolleed y 
dos tie, od ombte” te tno pe wd 
waaay wah ko nd do oA to Wee dca im sie se \ 
Hoots teue vis see 8 “alte BiG saith 4 
“wigeot' tu apathy: Oise way runai: ot 
ot uh baa aa a Gel Nee Walon 
RC ec cl heme abesh Aiitoa- ons 4 64 
. sf Apseaoe rani His any aa aude tigate 


uae. Fa Lo iid Ye. re tay tated oer Ge i, ed: : Ay 


ahera, Cte to SLY Ane ve wail ‘te cs si 


Visnel te UPL | Gs ew detvetrada g ee if dan 


OTOLOGIC :PROBLEMS UNDER CONSIDERATION AT 
THE MEDICAL RESEARCH LABORATORY. 


CHAPTER 111, 

The first Otologic problem attacked in the Medical Research 
Laboratory was the effect of low oxygen on the phenomena of nysiag~ 
mus and past-pointing. It has Poeun demonstrated by the Cardio-Vas- 
cular and Physiological Departments that deleterious effects of iow 
oxygen are noted in connection with the Capes bh peat eng Recrir - 
atory systems. As was to be expected, before low oxygen effects 
on the internal ear motion-sensing apparatus could be demonstrated, 
cardio-vascular and respiratory effects became manifest. Therefore, 
it has thus far been difficult to carry these ear-tests to a satis- 
factory conclusion, In these examinations the rotating chair was 
placed in the low pressure tank with the subject and observers. 
After having attained a height of 5,000 feet the candidate was 
exposed to the effects of this altitude for five minutes, when the 
routine nystagmus and past-pointing experiments were carried out. 
“he same procedure was repeated at varying altitudes up to 18,000 
feet. these findings, reported in detail in another article, shored 
no consistent variations from the responses obtained at sea-level, 

We may,therefore, with a fair degree of safety assume that at 
altitudes up to 18,000 feet, no marked changes in this function 
of the internal ear occur as the result of low oxygen. The coch- 
lear portion was similarly unaffected at these altitudes. 

During these experiments abundant opportunity was afforded 
to examine a large number of drum-heads, both of the candidates and 
the observers, Experimental work in the laboratory has confirmed 
‘the practical observations of flyers that middle ear difficulties 


occur during descent rather than ascent. One point has been 
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established without q uestion, that the amount of injection of the 
drum-head is directly proportionate to tke cegree of patulence of 
the Eustachian tube. Intense pain in the middle ear and down the 
neck was experienced by many subjects who shcwed on examinavion vo 
have moderate or severe congestion of the neso-pharyns., Cae case 
Was extremely illuminating and shows *het we must not consinde that 
because atrophic rhinitis ie present, the tubes must necessarily 
be patulous. One of the examining medical cfficers had extremely 
atrophic and badly retrazted drum-heads with scars from repeated 
suppurative attacks. A rapid descent produced a double bi-lateral 
perforation, the perforations evidently occurring on the sites of 
former perforations. A sharp stabbing pain was felt as the obser-. 
ver dropped rapidly from 14,000 to 1,000 feet, and examination 
Showed a bright red circthe of tiny blood vessels surrcunding the 
pin point perforations. The subsequent healing was uneventful. 

One of the observers, who had a history of repeated attacks of 
suppurative otitis media in early childhood, developed a typical 
acute purulent otitis media after several ascents in the léw pres- 
Sure chamber on three sonsecutive days. 

One of the foremost otoiogic problems constantly before the 
Chief of the Air Medical Service hag been: how much leeway can be 
safely allowed in stancard tests of vestibular functions and acuity 


| 
of perception? As has been menticned before, all motor co-ordina- 


tions made by the flyer during flight, whether carefully planned and 
onsciously performed, “instinctly and sub-consciously executed, have 
nly one ultimate expression, - namely the determining of his re- 
ations with respect to his environment and with respect to the new 
tlement which is supvorting his weight, the air, Either instinctive 
€tion or carefully considered intentional action upon the part of 
yhe flyer is determined entirely by Ne RRR Hs which is coming into 


Pe MASonecinn annrerninoe his relations with hte environment. TPhieg 


hae i: y 
ak 8 mikes 
Hy Teese oD wi kale 
Bt . ’ wit a ee A au NaS ' / ma 
pae He | Rees : nee wate | 8 | 
Vey aches ac te 
“ean hee “ee Ue ta iN Sew vite 3 
aries aed s 7 ae 
AS 1 } 


here bed ye ‘ae Pi "Vida pe 
Yas vr Uy ah a Cl alee das a cay Mes i 
aN oe Lie WAAR ele Ok ite Be By aa i i 


i ATONE IE 9 SA Wee Sale eth a er wie 
bs rb. , e, Hates toe (rs ft *e uth rt \ Vey ay ees wy ; me ne toy ty 
ig EO Re ha Ces i GRA ORE aera hy Disc a 
Poa \ al sh 
Nur : nt ¢ ts ‘ 4 i A » de : 
Res, OO BPA SY Bias RAY aint att # o ‘bone 
s fan Fz) 1»! ¥ ; L at - 
AE Tein Nia Re sea) i 
BY f ‘i } , i il ian 5 oa Yah (mae oath aa, 2 4 we Ke m 
sa mee tote Aad eB Ty ee as ae il ne 8 i tah 
r WN i ‘ e ( heii > a it il, 
. Patiihoweeti eto. LE. noe. J Ee rd 


p ¥ r are aree od gy F he a a vt a, fre hh vA 
OS Be To A RA 8, EE, ef blah rn 


YA ae pW Ayr wh ag a met we, 


i 
ee = reer om, me tee So deo gaye 
pa 1 . m b : of ul oe) 
hee a ey Uae a ae a 
Uy ’ 4 
ef Fa ‘- +e" wt: 
‘ my “ty 4 ty a at “ 


eeahye OM Raat Pe uaa a 
Dy? ie emcee. Get f ited. fea + re ai <. x A 


. A ere 
an ? . 7 ee ‘ 
A 7 id 
as» ‘ 4 
BAe 
eb Or Pie aie ¥ay 
' : we resvie /’ 
Oe ee te 
Pare Pie?” 4 
OR 
Bra ana.! 


ast, ap Nae 


eat ivan sce Based, ort al is 


ae 


fat 


sat Lape do. inner aes « = 


Mi 


FA Nappi oo 
P ¥ oy 

te eet) 

WT ey Pe a 


information can be had by him only through the activities ef his 
special senses. But possession of normai perceptive end-organs, 
neyve-paths, and brain-connections, does not constitute definite 
assurance that the individual will accomplish satisfactorily balance 
or orientation. Further he may inion’ $eh valance satisfactorily 
and still be completely disorientated; or he may be properly orien- 
tated and fail to accomplish balance properly. The two are inde- 
pendent functions of the mind, closely associated, but in no way 
functionally interdependent. On the other hand, lack of normal per- 
ceptive apparatus does constitute definite assurance that the in- 
dividual will be physically less able to accomplish balance or 
orientation, or both, under certain circumstances under which these 


would be possible for the man in full possession of normal percep- 


tive apparatus. There are certain circumstances under which balanc- 


ing can be performed adequately even by the man who is possessed of 


less than full normal eq uipment, There is no doubt that man can 
accomplish a certain kind of flying blind-folded, or without func- 
tionating vestibular gnperatus; of without normal deep sensibility. 
Hence this important air medical problem is to study the "neak load" 
req uirements, the conditions of emergency and confusion which may 
be encountered unexpectedly in the air, and to attempt to estimate 
earefully the minimum perceptive equipment which would be adequate 
under these conditions to enable the flyer to negotiate such dif- 
ficult and unusual phases of flying. — There are certain temperamamts 


certain types of minds, certain intangibly different mental com- 


easites, which determine the inability of the individual to nego- 


tiate these critical points in flying, even though he be in full 

2 : ) it 
possession of his sensory perceptive faculties. "Self possession , 
ieeolness’, "Bravery", " sand", “nerve”, “presence of mind, "judge 


tt HW 
eo on the other hand, added to a perceptive equipment of less 
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than normal, 


Bealely from a critical air si 


the fact, these mental qualities 


may determine the success cf an individual in emerging 
GUAT LOK > 


While this is unquestionablv 


are su intangible, so d@dndetermin- 


able, ahd above all so distinetly not in the category of things 


physically to be examined and meas 
it is not deemed justifiable for the 


the Air Service, or to allow to remain in the 


red by the medical examiner, tha. 


7 


piysical examiner to admit into 


nA 2» a ~ . 
Asr ocrvice, anyone 


who is discovered to be lacking in acuity prescribed for the severa. 


Special senses known to be prime requisites of the flyer. 


Motion-sens - 
ing experi- 
ments in 
linear up-~ 
ward and 
downward di- 
rection, 


Groups test- 
ed. 


Condition of 
tests. 


> 


One of the methods of approachin: the problem of ce- 
termining what is the relative value of the various 
sensory contributions to the indivicual's tetal knowldge 
concerning mction, was a series of experiments per- 
formed in a bank of elevators capable of performing ver- 
fae el iy upright trips forty stories in extent, a height 
of over four hundred feet, at a maximum speed of one 


For this purpese four groups 
(2) 


deaf-mutes totaliy lacking vestibular perception, (3) 


thousand feet per minute. 
of individuals were selected, namely, (1) normals, 
deaf-mutes possessing vestibular perceptions in various 
degrees below the normal, and (4) tabetics whose deep 
sensibility was impaired to various degrees. These 
experiments were carried out during a period of six 
weeks with a view to determining the average ability 
of each group to sense the various vertically up and 
The ele- 


vator shafts were entirely dark and the lights on the 


down movements to which they were subjected. 


cars were shut off during the experiments so that no 
information reached the individual via the visual tract. 


Hach individual of the normal group was first determined. 
to be possessec of normal vestibular and deep sensibii*4 + 


ity. 
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The following is a digest cof Tne, Dindings: 


Group. (2): 
Findings in 1. Duting acceleration unwerd all were able in 
normals, ot : Ve 
Sense accuratcly the charaster of the motion ic 
which they were subjested.., 
Acceleration 


&. & slower sustained rate of sveed immediate | 


F ansuing upon acceleraticn uvuoward wes uniformly mi: 
Sustained speed, ee ere pward wa y 


interpreted as arrest of moticn, or as very slow 


ee motion. 
S. Retardation to the slowest possible con- 
Retardation. tinuec. speed upward, ensuing upon sustained speed 


upwarc, was universally sensed as motion vertically 
downware, 
Group (2). 

4. The deaf mutes in whom the vestibular function 
Findings in ) 
dead vestibute wes totally abrogated sensed acceleration upward 
“VEY ceafmates, 
correctly. 

5, These individuals were unifcrmly inconsistent 
in describing the character of slow motion vertic- 
ally upward at a constant rate of speed, sometimes 
guessing “upward” and sometimes guessing "downwaré 
but always acutely sensitive to the fact that they 
were undergoing motion of some kind. 


6. Retardation, ensuing upon motion vertically 


upward at a sustained rate of speed, was uniformly 
correctly sensed by these individuals 

7. Arrest of motion ensuing upon retardation or 

_inotion at a sustained rate of speed was uniformly 


correctly sense@ by these individuals. 
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8. ‘In these individuais it wae Inpessible %to proauce 
the illusion of reversal of motioa by alteration in the 
speed of the car. It Was apoarens that absence of hearing 
and vestibular sense had keyed up +o a high degree of at- 


tention and sensitiveness the deep sensibility tract, thous” 


it is not believed that this cbservation justifies a stave- 

| ment that the sensing of the deep sensibility impulces was 

! keener than thet of the hormal AO TIONS. 2h seems cerue la 
however, that the attentions of these individuals to moticu 


perceptions coming in via the deep sensibility tract were 
more intense than that of th crdinary. normal individual. 


Group (3). 
9, Deaf-mutes in possession of intast vestibular ap- 


Findings 
» in live paratus and normal acuity of perception absolutely dupli- 


vestibule bieiete : ; 
Mdeaf- cated the findings of the first group of full normal in- 


MULES. aividuals tested, as shown in items 1, 2, and 3 of this 


digest of results. 


10. Deaf-mutes in whom acuity of vestibular perception 
was reduced to an index represented by two or three seconds 


Guration of nystagmus and no past-pointing and almost ab- 
Sent falling, were able to sense acceleration verticaily 


upward correctly and failed to identify slower motion at a 


O 
Sustained rate of speed upward bus sensed the motion very 


2 x uated ten * ’ As fi f 
positively, though labeling it at times, "Motion downward’ , 


? 


and at cther times, motion upward"; they were able to de- 


tect retardation and arrest keaniiv, but did net experience 
the illusion of reversal of mction either fuliowing accel- 


eration, retardation,or arrest of motion, 


Group (4). 


Findings 11. Tabetics in whom vestibular tests had demonstrated 
in tabet- ‘ : 
ics. the presence of normal vestibular funstions, were roughly 


of two classes, --the lower or dorso-lumbo-sacral typs, and 
the higher or the cervico-dorsal type. Both types evidenced 


a satisfactory ability to sense acceleration of motion ver- 


tically upward; slower motion at a sustained rate of speed 


ensuing upon this acceleration uowards was not sensed at 
add hWer oithorn timo y~wtowmoatimn falonine matainn trantinatlidsa wrwand 
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striking was the ccntinuation cver long periods of tims of 
the sensing of motion downward.by the first type of tabetirs 
when arrest of motion ensued upon retardation vertically vv: 
ward. Several of these cases continued to indicate motion 
downward for from thirty to sixuy seecnds following totai 
arrest of motion, This was not the case with the second 
type of tabetics, several of whom, however, did indicate 


sensation of motion downward for a few seconds following 
total arrest of motion, 


12, Acceleration of motion downward from the fortieth floor 


Downwar | Als : : 
Emotions "25 correctly sensed by normals, both types of deaf mutes, 


| _ and both bypes of tabetics., 


15, Slower motion downward at a sustained rate of speed en- 


Suing upon rapid acceleration downward was sensed by the 
: normals universally, as either complete cessation of motion 
or extremely slow motion in a Gownward direction; this was 
also the case with the second group of deafmutes, those in 
possession of vestibular functions; the first groups of 
deaf-mutes were unable to sense the character of sustained 
motion downward accurately, but more frequently guessed 
"downwards" than “upwards"; the tabetic of either type in- 
dicated almost invariably arrest of motion. 


14. Retardation downward ensuing upon motion at sustained 


rate of speed downward was Senseca as arrest of motion or as 
Slow motion upwaid by the normal group and by the deaf-muli-s 
in possession of vestibular function and by both tyves of 
tabetics. This confusion of sensing between arrest or Slow 
motion upward was corsistent with all members of these 
groups, but incividuals in each group varied in their an- 
swers, one individual sometimes indicating arrest anc at 
other times indicating slew motion upward. 
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15. Arrest of motion ensuing upon retardation downward was uni- 
formly indicated as slow motion upward by the group of normals; th: 
group of deaf-mutes in possession of vestibular function sensed 
this as slow motion upwards only for a second or two and then in- 
dicated properly total arrest of motion; the group of deaf-mutes 
totally lacking vestibular perception uniformly indicated correct 


perception of arrest of motion on the instant; both types of tabei- 
ics indicated sensation of motion vertically upward, and this sen- 
Sation continued for a much longer period of time than in the normal 
group. 


The conclusions from the eove outlined experiments are that 
(A) the normal individual, the deaf-mute whose vestibular function 
is unimpaired, and the tabetics whose vestibular functions are unim- 
Paired, seem to be almost equally sensitive to acceleration either 
upward or downward, (B) during slower motion at a sustained rate 
of speed upward or downward, the deaf mute whose vestibular function 
has been totally abrogated is totally unable to sense accurately 
the character of the motion to which he is subjeeted, but he is 
keenly sensible of being subjectedto some kind of motion; whether 


this is vertically upward or vertically downward seems to be pure nen 
Suess work. The other individuals tested all evidenced sensory il- 
lusion and always in the Shape of a relative reversal, varying in 
legree between a sense of partial or complete arrest of motion and 
Inception of motion in the opposite direction, This latter was more 


arked in the tabetic. This would seem to indicate that in general 


© quantitative percepticn of motion at a sustained rate of speed 
€s more particularly within the province of the deep sensibilities: 
he qualitative perception, thet is. determination of the exact @i- 
Ction of the motion, ilies within the province of the vestibular 


mponent in the total composite of motion-perceiving. (C) Suscep- 
bility to illusion of a motion-perceiving naturally is directly 
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15 cont, 
proportionate to the keenness of the ability to make accauvats 4yuel: 


tative perceptions; in other words, the illusions of motion in the 
absence of vision are largely, if not exclusively, attributable to 
the vestibular apparatus. 


It should be added that for the purpose of conducting these ev. 
periments, especial control was added to the regular control of thers 


elevators, and by means of this the accelerations, retardations and 


motions at sustained rates of speed were accomplished with almost 
complete absence of jarring or friction. The use of magnetic brake 


control adjusted to extreme nicety, and the elimination of all loose 


ee 


connections and joints, elim*nated sound almost completely; whe 
visual element of motion-sensing was absolutely eliminated by the 


‘conducting of the tests in OTS darkness} tactile impulsee were 


almost completely eliminated by lining the entire car with nick | 
blankets, protecting the subjects from access of air currents to the 


skin throughout the experiment, 


Experimental Studies on "The Feel of the Airship" 


A physiologic function which is peculiarly important in Avia- 
tion as contrasted with all other branches of the service is that of 


equilibration, Nothing could better illustrate this pecaiiar im~ 


portance of the innsr ear than a comparative study 
of those with normal inner ears as contrasted with 


those of destreyed inner ears, - deaf mutes, A 
Deaf-mutes 
and 
Normals, 


series of experiments was conducted in avsuel flights. 


Those witn normal inner ears, when biind-folded, were 
able to detec s motion changes accurately during the 
flight, whereas blindfolded deaf mutes with destroyed 
labyrinths were not, 

One of the terms mcst commonly used in pviahion isi 
"The Feel of the Airship.” It had its origin at the 
hat is . pari 7 : i git ea 
. eginning of Aviation and seems to be a phrase whish 
Feel of the © = | e 
irship" in tthe mind of the practical flyer covers everything 
which goes to make up a trained aviator's skill i 
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In order to appreciate the part that the ear mechanism plays in 
aviation, all that any physician need do is to take a flight in an 
aeroplane. As you guide an aeroplane in a straight flight, your 
Mevgeant effort is to correct minute deviations from the level po- 
sition; yee countless and continuous changes of movement in all 
directions are counteracted by tiny movements of the joy-stick. 
in your first flights, when instructor is guiding the plane, you 
watch the fete ttox in front of you and you notice that. it is moving, 
ever 59 little, this way and that, in response to stimuli in the 
detection of changes of position, This sense of the "detection of 
movement" is a the experienced aviator calls "the feel of the 
mente’: atte that sense which distinguishes the born flier from 
the mechanical flier, who is forced to rely upon his sight in the 
guiding of the plane. The Almighty gave certain sense organs to 
nan if there is any individual who preeminently needs a normal & 
Sensing of movement it is obviously the aviator. The turning-chair 
and douching tests enable us to determine whether the internal ears 


nd all the intracranial pathways from the internal ears are func- 


ioning normally. 

| Observations upon motion-sensing during Airplane flights. 

_ The purpose af this study was totry, by elimination of any two 
4 of the first three factors, to estimate the value 


‘Deep muscular of the third. The fourth,tactile, may be ignored, 


nN 

Me iostin. being constant in all cases. This can be done as 
follows: Blind-folding eliminates sight; the use 
of deaf mutes with destroyed vestibular apparatus 


eliminates the vestibular sense;blindfolding these deafmutes 
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the proper and semi-automatic control. and balance of ar airship 
Some men give evidence of possessing thle sense-complex during the 
first one or two hours of instructions; others never acquite i* 
and still others show it in such a moderate degree that they axe 
always looked upon with apprehension by instructions who feet thon 
such men are not to be depended upon in an emerkensy. 

Very few trained pilots can give any clear explanation of 
what is meant by the term, except to say that if the beginner aces 
not possess it he will never be able to make a first class pilot. 
some explain it by a good sense of balance, some by general physical 
dexterity, some by a keen sense of vision, and some would seem to 
credit it to an inbern special sense of some kind, That some such 
sense or combination of senses exists, there can be no question. 
This general fact has been appreciated by scientific men from the 
start, and much of the work of the Medical Research Laboratory has 
been directed, consciously or unsonsciously, toward scientific ex- 

p lanation of this sense-complex, 

Evidently balance must be intimately related with this proper 
Sensing of "Feel of the Airship". As previously stated balance is 
dependent upon information derived from (1} msec le~sense, eae 


AS) vestibular sense, and {4; tactile sense 


Observations upon motion-sensing during Alurplane flights 
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eliminates sight and vestibular sense, leaving the deep sensibility 
as the remaining factor, Experimental study with cases of tabes 
and other similar cases, where the deep muscular sensibility is 
involved, are now being carried on and will give us further data on 


deep sensibility. 
It has been shown by various observers experimenting on thous: 


T1it- ands of aviation applicants that there exists a very clear 


ing per- appreciation of tilting. If a chair balanced on one 
ception. 


point is so slowly tilted that a man seated in it cannot 
sense the motion, there comes a time when he appreciated 
that he is tilted, Laboratory experiments of this sort 

have been repeated in che air under practical flying con- 
Gitions. At first glance it would seem that the experi- 


mental errors in such a study would be overwhelming, but a 


more extended investigation in the plane at various al- 

titudes and under various weather conditions, corrects this 

impression to the extent that for a practical study of the 

"Peel of the Airship", theoretical experimental errors can 

be disregarded, 

In order to get at normal responses under actual air 

Beants gnc onditions, five points must be observed (1) subjects with 
Fee rg previous flying experience must be eliminated, (2) normal 
be noted, individuals must be selected who are not alarmed by the 

thought of a first flight and who have trained powers of 


observation, (3) a professional pilot of years of flying 
practice must be used whose experience would enable him to 


appreciate the problems and hold the ship at the given 
angles with the greatest degree of accuracy in spite of un- 
favorable atmospheric conditions, and a. clinometer used by 
him to measure angles of tilt, (4) the same plane must be 
used throughout the experiments, (5) intercommunicating 


phone system must be used between pilot and subject. 
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CAPTION FOR CHART ONE, 
CHART 1. REPRESENTS THE CURVES OF NORMAL INDIVIDUALS DURING THEIR 


FIRST FLIGHTS. THE BLUE LINE REPRESENTS EVOLUTIONS ACTUALLY PER= 
FORMED BY THE MACHINE, THE RED LINE TRE EVOLUTIONS THE SUBJECT 
THOUGHT WERE BEING CARRIED OUT. WHERE THE LINE IS BROKEN, THE 


SUBJECT HAD NO IDEA OF WHAT WAS GOING ON, 


vote, 2 


Upper line on the original chart 40 red, lower line ip blue. 
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For purposes of study 15 candidates were selected frem the 
Surgeons in the Medical Research Laboratory. Chart 1 is 


a graphic diagram of the results of the experiments on 


normal individuals who have never had any vrevious exper~ 


iets: ience in the air, The subjects were blind-folded,were 


Selected. then taken up in the plane and the maneuvers indicated 


were carried out. The lower blue line shows the move~ 
ments actually executed by the plane. The upper red 


broken line shows the movements the subject felt were 
being executed. 


There is a very important difference in the nature of carrying 


out the maneuvers in Chart Layne Charte ib and) Lili... In 


the first type of experiments conducted in Chart 1, the 
positions were changed by markedly quick movements of the 
mene plane, i.e., the upward motion was the sudden zoom upward, 


Charts 1 the downward motion was q quick almost vertical dive down- 
hs ward, the banks to/the right and left were done quickly, 
p, " and the turns on the horizontal plane were mace as sharp 


as possible, 

If a quick zoom is made the feeling is that you are being 
thrown against the seat by centrifugal force and ina 
quick steep bank the same sensation is noticed. In the 


Start of the nose-dive one is thrown against the belt by 
the action of the centrifugal force, and it is not a 


matter of wonder when the candidate interchanges in his 
mind, movements in which the most prominent element is 
the centrifugal action forcing his body against seat or 
belt. We also found that if the right and left turns 
were kept in a true horizontal plane without banking, 

that it is very difficult to differentiate between the 
two on account of the large size of the circle it was 
necessary to describe in making these turns without side- 
Slip. A short analysis of the different observation 


flights seem to show that the general powers of cbserva- 
tion are not improved during an individual's first flights. 
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In fact, they are frequently impaired on account of excitement and 


apprehension, and a short analysis of the personalities of these 


subjects tends to explain many of the errors. 


meee 1, Exp... 1,2. Chart 1, 


Case 


Young man, not acute observer, though not particularly 


ynervous. Made one fundamental error on first flight and 


histories)failed to sense banks or slow horizontal turns. On second 


flight he made no fundamental errors, simply mistaking 
right and left horizontal slow turns, | 
Case 11, Exp. 3,4.Chart 1. | 

A middle aged man, badly scared on first flight and 
was all at sea. On second flight was calmer and made no 


fundamental errors, confusing right and left slow horizon- 
tal turns only. | 


Gase 111, Exp. 5,6. Chart 1, 
A cool phlegmatic individual. He mistook turns for banks 
during the first flight, but made no errors on his. second 
flight. 
Case IV, Exp. 7 & 8. Chart 1, 

A nervous individual, did fairly well on his first flight 
and improved markedly on his second, making no errors. 
Case V, Exp. 9&10& 11, Chart 1, 
A young man, not particularly a good observer and very 
nervous over his flight. He got very little correct in 


his first experiment (9), appreciating correctly only 
horizontal flight, marked upward and downward movements, 


and entirely missed right and left horizontal turns and 
right and left acute banks. His second flight showed con- 
siderable improvement, appreciating correctly 4 out of 7 
maneuvers, as against 3 in the first flight, but far less 
than the others. In his third experiment (ixp.13) He made 
made only one bad mistake in appreciating 7 maneuvers. 


- ekratuot aren doen Ayres stood, eau98 fo nea ba 
heen High ES sere? a9 tote Lesmomabnat 80! howd | 


Gee fei"; 
on odpm. bens ‘tenitso aa gol: one ‘Site a eo Cs Vex: sae Pe 


a a asateee mete sted. Sie Sagar pat arte Ad ‘Ladiomebawt 
hr ae a at Ae 


on ia" it i ae 


Beis Bye a : donee oa aap Rissa nad 
a ‘eduad "0" aera dood ebm on | - -fawdivione: ol gamaadg feoo re : 
hao pee aid mo Raines on 9 Dawn: due nee twit! oda eed 

a NS RS as 
a iat goad o a * ok wt ben is 
pti Fak t eis rs LLew itis eS Laueivtbar awovien Ae ie ‘ 
| sarorie ‘oh senbabeat aan: ald fe be bevorciat ten 


alge Pe a = ama: cee 


ve 


\%ev baw ‘tevigado fae s , eoradiiateres 3 i py 
ni doevsoo oLdGhL prev Jop of sdigtlt ahd 4 


i: gino ybdoottoo jet tatoortgae he) tag 
a f | aanemevor Dieveod bra Brswrr ‘hewn 4 | 


bra ans istaositod Stok ‘baa, gfvente i. 


Bs ilo We we doer t09 ite Mii i satage oe i 
ey eeel wet su etek tht ans 13 ab 6 tonkege a8 _ 64 
(sea at tiene bagels xo Naked wait sl pais , 


was ua ee 


ey it . 4 er re a? o a i 
it ts yy ‘ " 4 Pea: a W Last pus is q } ns ral - i eithtee 
- r an 7 1c lye pee a 


Fiespiration in Liters per Minute 


“| 
4 Chart 2 r F r & 
2% Bteod Premure in Miltioneters Pulse Rate per Minute 
\ & & Ss s : 5 
f | = Fone 2eees ee Ne i ah ae 
= H mae 
Same man ad Casee Chath = — : 
; &-20-18 es Red Tae yee = 
| 
‘ 
4 
4 


ow 


Tor 


att qioo ST aad 
Tame 2! min se 


Third Flag kt 


nui 


6-20-18 aed 


Reb. 


; s 


Case 3. Chort |. : Re 


6-20-/5 ed : Re 


att +200 


— - 
. 
am wil 
: 
Cc = 
a Che 
&-=2 S Pr 
eae 
Thad Flight 
i 
by ree heeve 
| - 
Post Flight 
i 
C S 
« Le z 
Get. ¢ oc}t 
Tim< 24 min 
gp 
Cakt B 
, af 
£-a 
fie ht c 
Ferat Flegh /¢ 
‘4 iit &300}F 9 
yume 27 4 J 
A wees ; 


a 


z 8 g i START rat 


Ale Pressure in Mittimeters 


6 
. 
~ 


Percentage of O 


ow 


ee eet eee 


Fy E 
majer Patou 94 
G-al- 18 
Puat Ferghh 

Geb. 00 


Capt Scott 
G~21- 18 
Third Fleghr 
alt joo++t 


a ty Say 


Rp 
pPPoT ATTA 
7 +t ne 
err prrar srry 
” teu om 
P 9 r 
° 4 


Mee 


Rad 


Red 


rayvtpRemr 


TO EXECUTE 


—s- 


hie 


saan 


Respiration in Liters per Minute 


Blood Pressure in Millimeters 


we = 
r= 


Pulse Rate per Minute 


te 


02 


Sz 


}o8 


09s 


of 


06 


os 


} zi 


O£1 


w 
cs 
8 


paee Vi,oxp,le & 15, ‘Chart 1. 

This man has an unusual mentality; he is noted for his 
muscular dexterity, is an amateur sleight of hand performer and 2 
close observer under all conditions. He made no mistakes in eithe. 
paacht. 

Case VII,Exp.14. Chart. 1. 

A highly trained clinical observer, has an extremely keen mind,ac- 
venturous in spirit and has large experience in mountain climbing 
and in laboratory work at high altitudes. He made no mistakes. 
Oaee VITIL, Exp.15 & 16, Chart 1. 

A fair observer only. ‘In his first flight he did not try to 
guess as many of the more nervous ones did, ~therefore the dotted 
line. The second flight showed improvement, making only one fun- 
damental error. 

Case IX, Exp.17 & 18. 

A man over fifty years of age, was very nervous about his 
first flight, but improved somewhat during the second, still mak- 
ing several fundamental errors. 

Case X, Exp. 19 and 20, Chart 1, 

A trained p hysiologic observer, cool and calm, and made no 
mistakes of any kind. 

Case AL, Exp.21, Chart 1. 


Highly strung young man, very tense; made only one error on 


his only flight. 


Explanations of 
Chart 11,111 & Charts 11, 111 and IV represent a study of the 
) 


AVS 
ability to detect gradual departures from the horizontal 
flying line. In contradistinction to the first series 
of observations the endeavor here was to make the change 


in the angles so gradual that the candidate woud appreciate 
his change from the horizontal in addition to sensing the 
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CAPTION FOR CHART 3. 


CHART 3 ILLUSTRATES TH APPRECIATION OF ANGLES BY PROFESSIO 


PLIERS. 


forward movement of the plane. The endeavor was to eliminate sud- 


denness in change of direction as much as possible. hey were con- 
ducted with the greatest care and only during ideal weather, The 
angles were checked by using a clinometer and every effort possibic 


was made to eliminate experimental error, The intercommunicating 
phone system was used. As soon as a proper altitude was reached, 
Where the air was smooth, the subject blind-folded himself and as 


soon as he was able to appreciate whether he was going up or down, 
or banking to the left or to the right, he would so report to the 
pilot. The pilot would then maneuver the pling to repeat this 


angle from six to ten times or until he was positive of the smallest 


angle that the subject was capable of appreciating, when he would 


write down his result, The remarkable similarity of the results is 
in itself proof that the axperimental errors were slight, or at 


least, were about equal in all cases and,therefore, to be neglected 


Chart:: 2-4 Observations upon motion-sensing during Airplane 
flights. 


In this series of experiments some of the subjects had never 


- flown, while others had had a few flights previously in the other 


Series of experiments. It is to be noted that in this series the 
downward angle was detected in every case more accurately than the 
upward angle; the upward angle was less accurately detected by men 
making their first flight. One of these beginners was unable to 
detect the upward angle even to thirty degrees, the stalling angle 
of the machine, Subsequent examinaticn shcowed that this man's 
vestibular reactions were very much sub-normal, as evidenced by 


ten seconds duration of nystagmus, no past-pointing, and only very 


' Slight tendency to fall. The general average of these upward and 


downward experiments show. tzpward angle, 17 degrees, downward angie. 


| 9 degrees. 
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Chart 2-B represents a series of experiments similar to 
those just described, except that the angles were banking (lateral) 
angles instead of upward and downward (forward) angles. This series 
of experiments showed a Similarity in the ability to detect lateral 
Changes from the horizontal. A curious development was,that in this 
series the banks to the left were more accurately detected by the 
Subjects than similar banks to the right, 
Chart 4. ) 

Chart 4 shows the most interesting results of all, Seven 
deaf mutes were the subjects of these experiments. Two showed nozrel 


vestibular function, four showed absolute lack of vestibular functim 


and one showed a very small afnount of vestibular function as repre- 


N 
> 


Sented by three seconds of ny bagmug. The results of these experi- 


ments upon deaf mutes are further dividea into three groups: The 


findings of the first groups, hope with absolutely no vestibular 


. 


function, showed total inabi Litto detect changes in the series of 


movements of the plane in any a A six flights per individual. 
> 
The results of experiments with thé, second type of deaf mutes, in 


AS 7 
_wWhich only a vestigere of vestibular, function remained, are almost 


identical with those of the first group. The third type of deaf 


_ mutes, in full possession of vestibular function, showed, however, a 


marked improvement over the others in Successive flights, and prac- 


y 
tically the normal index as to accuracy of detection of the movemenis 
} of the plane in the later flights. 

Chart 111 consists of a series of observations carried or« 
Schart 111, 


under the same conditions upon three prefessional flyers 
and one professional trick motor-cyclist. Their superior- 
ity in detecting angles is at once apparent. Still more 
interesting is the fact that the motor-cyclist, who had 
practically no flying experience, did not detect angles 
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Other experiments with cther normals, not noted on these cherts. 


convinced us that the resvlis so far @=ven represent very accurate- 


ly the general average in such individuals ara,therefore, exvert.« 


ments of a greater nunber were nod consideves necessary for this 


preliminary study. 


Chart 1V is, as has been seid, the most interesting of all, 


(Chart IV.) 
Deat-mute } 
experimenis ) 


Seven deaf—imtes were selected whose labyrinth find- 
ings ave given om the edges of the charts, The 
strixing differences between these deaf=mutes and 

the normal candidates and the still more striking 
lack of improvement in all their subsequent flights 
Seem to be fairly convineing that for purposes of 
appreciating pena Cf os pean, 17 space, a vroper- 
ly funetioneting vestibular apparatus is of great 
importence aps Urtext, biti ietie gan he expected 
from des p sensibility when it alene senses motion. 
These dcaf=metes were all hignly interested and were 
keeniy alive to the experiments, Some of them were 
convinszed that they would EVPcre sable to avert y. for 
aviation and when their crarts were Showa to them, 
theiy amazement was extreme, Thein GBUE3ISES as to the 
aah allay aed motion to whith they had been Sabjected were 
of the wildest character, eoey hat acthing to inform 
whem excep vheir Cecp Sensibility and tactile sense. 
Nose dives and the "zoom" or upward movements were 
carried out at such acute angles that it was remark- 
able that shey guessed it ag inaccurately as they 
did. On close questioning many of them admitted that 
they were entirely “in the dark"! and felt as if the 


must tear the bandage from their eyes; in other words 
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vO BEPRESEVTS VOR NORUALS. 


CHART FIVE A REPRESENTS THE SUBJECTS APPRECIATION 


OF WHE OMALLEST ANGLE IN DOWNWARD OR UPWARD DIRECTION. 
CHART VIVE B REPRESENTS QuE ‘SUBJECTS APPRECI ATION 
OF HE SKALLWST ANGLE IN Bahk. 


THE STATING ANGIE OF TW HACHINE, PAST WHICH IT 


IS UNABLE TO EXECUTN THESE EVOLUTIONS I5 70 DEGREES UP, 40 
DEGREES DOW, 25 DEGRERS ON THE BANKS. 
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they were completely lost in space and it is greatly to their credi>» 
that these boys were willing to subject themselves repeatedly to 
these more or less trying experiences. | 

One of the most important observations of all is seen in an 
examination of Chart V. As a matter of interest, before these 
Subjects were sent up, we tried them walking a straight line blind- 
folded, which they did in a fairly accurate mamer, but when they 
were asked to maintain themselves in equilibrium by standing on one 
leg with eyes closed, they fill in various directions and none of 
them were able to stand at all steadily in this position. After 
rapid rotation with the head forward and eyes closed, they were 
q tite as able to stand as they had been before, showing no tenden- 
cy toward the normal falling response. They were dependent for 
S ensory information in walking or standing on one leg,etc., upon 
only two sources, ~ vision and deep sensibility. 

In the angle experiment shown on Chart V, where rapid ac- 
celeration of motion was made, not a single subject was able to 
guess a Single correct position in space. The machine was brought 
up to the stalling angle above, to the extreme diving angle below, 
and to such an acute bank that the vertical control became the 
rudder, and because the change was graduajly brought about, they 
were still unable %o appreciate any deviation from the horizontal, 
This preliminary study was made in the hope that the vectliar im- 
pression which has gone abroad and which has done much to block 
the progress of the selection of aviation candidates, that iis 
Mess acute motion-perceiving sense of the inner ear was, the less 


dizzy and therefore’ the better flyer the man would make, would be 


corrected. 
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The findings (covering seven days of slain by gta a work, including 
fifty-two flights, ) as to the motion-sensing of the two deafmutes 
with normal vestibular reactions, give undoubted evidence of gradual 
improvement in correct. sensing of motion; one deafmute with a ves- 
tige of vestibular’ function shows some improvement in ability to 
sense notion correctly; four deafmutes with no vestibular function 
show no evidence of Seen in motion-sensing abilaty. It must 
be borne in mind that such a series of experiments should be much 
greater and should cover a much longer period of time if. deductions 
of a final nature are to be drawn. The injection of so many extran- 
eous influences, such as aeprenension, feur, excitement, inability 
to focus attention, vitiates toa considerable extent the value of 
the findings in any individual flight. On ie other hand, guess- 
work jnjects an additional element of unreliability into the find- 
ings. While analysis of the charted records shows some surprising 
inconsistencies, it is at once apparent that normals show no such 
diametrically opposite consecutive motion-sensing perceptions as 
the deafmutes. I+ is demonstrated by this series of experiments 
that man's ability tc sense motion is measured by his full pos- 
session of visual acuity, deep sensibility, vestibular sense aculit. 
and tactile sense. And pariicularily, that that "Feel of the Air-~ 
ship" which is the ER SO Sa thet makes for a first class 


pilot, requires normal vestibular motion-sensing, 
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XPERIENCE, AND LDUCATIOCN IN MOTION-SENSING AND 
OF FATIGUE OF THE VESTIBULAR END-ORGANS. 


Chapter 4, 

The possibilities of a person accustoming or educating 
himself by constant eaten to estimate someones the sensations 
of vertigo or disturbed relations in space have been considered 
and experiments were carried out with a view to shedding light 
upon this question, The matter is one of practical importance 
and upon it the life of an aviator may depend in a critical moment. 
Adjustnent in seasickness, in whirling dances, in acrobatics, and in 
any other line of work where riipid changes of spatial relations are 
necessary, has long been known. It has been a disputed point as to 
whether the duration of the ier SM in such cases actually becomes 
less and less with the same stimulus. By experiment it has been 
found that nystagmus occurs less in duration after repeated turnings 
and the sensation of vertigo becomes less intense. The immediate 
Shortening of duration of nystagmus and the lessening of vertigo 
in whirling hencers or others ensuing upon excessive stimulation of 
the vestibular Msceiee is a transitory fatigue phenomenon. The 
average normal, whose nystagmus time when not fatigued, is approxi- 
mately twenty four to twenty six seconds, is the man who is physically 
most suitable for flying training. Many experiments concerning acute 
énd chronic fatigue phenonena are now under consideration in this 
laboratory and will be reported upon later, 

The whirling artists, who spend years in professional whirling 
acts, when not fatigued, show full normal responses to tests of their 
vestibular apparatus. Their art lies in the education and experience 
which they have gained and in the dexterity they have acquired in the 
repeated performance of their acts. For instance a whirling dance may 
be creditably performed by a novice, but the professional whirling 


dancer will demonstrate his ability to stop dead still suddenly without 
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a fall, whereas the novice will fall because of the vertigo (or 


false sense of motion) he experiences as a result of his whirling. 


The @ifference between the artist and the novice lies in the 


artist's ability to place proper construction upon his false 


sense of motion, experience and education enabling him to estimate 


its degree of falsity so correctly that he is able to calculate 


his voluntary muscular control in a manner that results in his 


accomplishing a successful standing still. The novice, unpracticed 


and inexperienced in estimating vertigo, finds himself unable to 


ao so successfully and falls to the floor, 


Tests of whirling artists, dancers anc equilibrist, February 23th, 


I9I8. 


Fis LG.” Whirling artist. 


Nyst. R 26 see. -L 24 sec, 
R Hand 5 
To R- 
L Hand 4 
ee 
R Hand 3 
To | 
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R-normal 
Falls - 
L-normal 


"J. S." Equilibrist 


Nyst. R 26 see. -L 24 sec. 


q R Hand 3 
¥ To R- 

4 L Hand 1 
ib P r) P .- 

¥ R Hand 1 
# To L- 

; L Hand 3 
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Falis i 
Le-normal 


tc, GG." Balance eQuil 
Nvst, R 25 sec. +L 20 
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( L Hand 
P. P. 
R Hand 
To L- 
L Hand 
( Renormal 
Falls -({ 
Le-normal 
ure. "EB. B.*Hysterical 
Nyst. R 34 sec. -L 35 
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Nyst. R 28 see. -L 33 sec, 


; R Hand 2 
To Re 


L Hand 
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R Hand 2 
( To L- | 
( % Hand 2 
5 Renormal 
| Falls - 
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( Lenormal 


moO" Whirling Dancer, 


| Nyst. R 27 sec, -L 28 sec, 


ws) 


Hand 3 
To Re 
Cw tand 3 


L 
R Hand i 
ae. ca 
( L Hand 1 


a Renormal 
Falls - 
( Lenormal 


Be. A." Perch Act. 
MeO years old, 15 years 
Besperience., 
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( k Hand 1 
To R- 
L, Hand 1 


R Hand 2 


Pye - 
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L Hand 2 

( R =normeal 
Falls - 
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"Ee, WwW." Head Balancer. 41 years 
old, 20 years experience 


Nyst, R 34 seo, -L S31 sec, 
R Hand 3 


L Hand 2 
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R=normal 
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"rs S," Whirling Act "lirs, H, . Whizrling Act. 
Beret, R Sl seq, I 25 sec, Nyst. R 22 sec, -L 24 sec. 
} R Hand 3 R Hand 2 
To R -{ - i 
( L Hand 3 ( B Hand 2 
P, pe -( a oie 
( R Hand 3 ( R Hand 1 
| ( ToL -( ( 
& Hand 3 ( L Hand 1 
( Renormal R=normal 
Falls -( — Falls - 
( L-normal ( Lenormal 


Conversation with "G" and "BY", professional ballet 
dancers, 


‘Very little dizziness even when learning but eet 


—— Ft 


variation; conquest of dizziness depends upon acquisition of ability 
to jerk head as dancer pemoteen) Revolving with head not jerking, 
q . 

‘eyes open or shut, causes dizziness. Refused to revolve jerking 
phead with eyes shut, because it would be sure to cause Gizziness 


7 
‘and nausea;they were sure it was much worse.” 
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eirs,S." Aerial flying trapeze. "L. ls." Head Dalancer. 
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Cases "A" cnd "B" were tignt rope walkers, 


Wat - npu - 
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Cases "OC", "Ht, YE" and "F" were motor-drome whirling racers, . 
wc npt | 
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(6) , 
Applicant oP" was a vigorous, robust young man and from 
all appearances the most promising applicant of the day. The caloric 
test was given 689 douch in both right and left ears with Same sube- 
normal reaction. This man for years had ridden a motor-cycle at 
rate of fifty miles per hour on circular wall on motor-drome and 
had never experienced nausea or dizziness. A Wasserman was made , 
the result of which was four plus which explained the reactions. 
Many important practical applications may be the out= 
come of these experiments. It may ultimately become a routine method 
of accustoming the young pilot to the sensations of the spinning 
nose dive and the rolling motion of the airship by revolving ex-~ 
: possibility of : 
€rcises. liost important of all may be the, teaching the prospective 
flier the sensations of the loop, tight spiral, and spinning nose 
dive and how to control himself during the incidental vertigo by 
aily practice in some such apparatus as that devised by Ruggles. 
THe most common revolving motions of the aeroplane 
re the Spiral, spinning nose dive, and the roll. In the spinning 
pee dive, or tight spiral, the uyPaton may have his horizontal 
anals or his vertical canals chiefly affected according to the 
OSition he assumes. Since every individual is more accustomed to fhe 
Orizontal canal stimulation than the vertical canal stimulation, 
t is better that he assume a position in which the horizontal 
anels are mailny stimulated. In spiral turns, if the aviator sits 
pright, the horizontal canals are the ones mainly stimulated, ana 
hese very slightly, because of the large circular turns. In the 


pinning nose dive the ship noses vertically down, due to the heavy «' 


Bine and if the aviator remains in the same upright position as 


horizontal flying, he will then concentrate stimulation upon his 
srtical canals. But if he bends forward as the French aviators are 
tructed to do, he will practically be upside down so that a@gain he 


ll concentrate stimulation vpon the horizontal semicirculer canals. 
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vhysical directors have advised. turning movements as practice 
exepeises, But, after all, this is only of preliminary value, 
because experienced fliers become So accustomed to turnings and 

air antics that they, like acrobats, know where they are at all tine 


and are at home in the air. 
Space doos not permit in this article to quotc from 


the historics of aviators at the disposal of the aviation dcpart- 
ment, cases where following impairment of the labyrinth due to 
mumps or syphilis, a man's flying ability has been lost or badly 


impaired coincidentally with the rapid deterioration of his ves- 


tibular sensory acuity. This is additional corroborative evidence 


of the most convincing nature, 
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Resume , 

General condition of aviator's ears, nose and throat 
must be good. 

The ground soldier can stand still. The aviator can 
not. Motion assumes great added importance to the aviator. 

Motion-sensing, therefore, assumes great additional 
importance to the aviator. 

Of the senses concerned in motion-sensing, the 
vestibular sense is the only one whose utility remains constant; 
hence the necessity of determining the aviators possession of 
requisite vestibular sense. 

Vestibular tests not only determine functional 
condition of this portion of the internal ear but give definite 
information concerning the integrity of parts of the medulla 
oblongata, pons, cerebrum and particularly the cerebellum. 

| It has been determined that up to 18000feet there 
occurs no marked functional change in the vestibular apparatus, 

Observations made in an extensive series of blind- 
fold experiments on normal persons, on persons with non-function- 
ating vestibular apparatus, on persons lacking hearing only, 
and on persons with impaired deep sensibilities indicate that 
perception of motion in a linear direction: 

(a) during acceleration, is sensed most accurately 
by those whose wastibular apparatus is functionating; 

(b) at a sustained rate of speed is senaed most 
accurately by each group except those lacking deep sensibility. 

(c) during retardation is sensed accurately by 


those whose vestibular apparatus is functionating. 
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(a) Arrest of motion ensuing upon motion in a linear 
direction is most pecurately detected by the group lacking vestibular 
function fe are possession of unimpaired deep sensibilities, 

Experience in aeroplane flights show that blind-folded 
normal persons perceive motion changes accurately; that blind-foldec 
persons lacking vestibular apparatus do not, 

Peanei sony fatigue may be observed after excessive 
stimulation of the vestibular end«organs, | 

Special ability to correctly estimate the degree of 
falsity of oft-repeated motion-sensing illusions may be developed 
in normal persons through experience and education, This special 
ability enables its possessor to maintain safe Bodily relation 
with his environment during the existence Dap eerasensrsine illu- 
sions with which he has become familiar through long experience, 

A superficjal observation might suggest that possibly 
the safestaviators would be those lacking vestibular function, such 
as deaf-mutes, inasmuch as they are incapable of developing motion- 
sensing illusions which, in normal persons, ensue upon spinning nose 
dives or other whirling aeroplane maneuvers, Possession of normal 
furdtionatine Sensory end-organs always entails the possibilities 
of subjective sensory illusions, but to argue the advantage of 
lacking such penedat sense end-organs is to reach the reductio ad 
absurdum, 

One who shows good responses in the turning chair 
shows good detection of movement in the air; one who shows poor 
responses in the turning chair shows poor detection of movement in 
the air. There is this cirect relation between the chair and the air 


and the air and the chair, 
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THE MANUAL OF THE OPHTHALMOLOGICAL DEPARTMENT 


RESEARCH LABORATORY. 


The Selection of the Aviator. 


In answer to the first call for fliers approximately one hundred 
thousand men, the pick of the youth of this country applied for service 
in the Aviation Section, Signal Corps, U. S. Armye Due to the genius 
for organization and tireless energy of the medical officers of the Reg- 
ular Army, these men were carefully examined by five hundred physicians, 
working in sixty-seven examining units and a sufficient number were sel- 
acted, 


It is safe to say that these men, by reason of this careful meth- 
od of selection are physically fit and it is well that this is the case, 
for an aviator must not only be physicelly perfect to begin with, but also 
be kept in training. It is certainly more important to have an aviator 
in perfect physical condition than a foot-ball player. Every flier should 
be under the care of a medical man thoroughly trained in the-care of the 
aviator and the symptoms and dangers of the lack of oxygene 


If we study for a moment the routine employed in the examination of 
the eye, we will easily see that any man who could pass these tests must 
have eyes as nearly perfect as nature permits. 


PHYSICAL EXAMINATION OF APPLICANTS 
FOR DETAIL IN THE DEPARTMENT OF MLLITARY AERONAUTICS. 


le HISTORY: Question the candidate carefully concerning previous or 
present eye trouble, use of glasses, lachrymation, photophobia and diplopia. 
If glasses are worn, symptoms when not wearing correcting lenses. 


II, STEREOSCOPIC VISION: The ability to appreciate depth and distances by 
means of binocular vision. The ordinary stereoscone may be usede The cards 
should be clean and flat, The candidate should have a good light coming over 
the shoulder, directly on the card. The card should be moved back and forth 
until the point of greatest distinctness is attained. Have the candidate 
name the sequence of objects from before backward, as he sees them through 
the stereoscone. This should be done readily and without error, keeping in 
mind the fact that even though the usual order of seeing the objects on the 


' original card is 9-1-7, 3=2-4, 5-6-8, and 10, the confusion of 4 and 5, 9 


and 1, and 8 and 10 occurs in people with normal stereoscopic vision. In 
case of doubt, use in addition the smaller objects on individual pictures, 
Csf+, on Nos 9 from before backward is seen, cross, balloon, and flags No» 
8, balloon, cross, rod and pennant. Nos 10, pennant, balloon and crosse 
Inability to stereoscope properly is a cause for rejections 


III. OCULAR MOVEMENTS: These are tested roughly by requiring both eyes of 
the candidate to be fixed on the examiner's finger, which is carried from 
directly in front of the eyes to the right, to the left, up and down, The 
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‘or laterally, 


ocular movements must be regular and identical, 


piv. Ss PUPILLARY REACTIONS: These should be regular and equal 


when responding to; 1. -direct, 2. -indirect light stimulation and 5, - 
to accomodations Face the candidate, who should be looking into the 
distance, and place a card as a screen before both eyes. Uncover one 

eye after a short interval and allow bright daylight to shine into this 
eye. The resulting contraction of the iris of this eye is called a direct 
reactions Repeat the test, but now observe the iris of the shaded eyes 

If this iris contracts, it is termed the indirect or consensual reaction. 
Repeat tests on the otheregye. With both the candidate's eyes open and 
uncovered, have him fix on a distant object, then focus on a pencil point 
held approximately ten centimeters in frontof the eyes. Both irides should 
contract, which is called the reaction to accomodation. 


Vy EXTERNAL OCULAR EX4MINATION: Place the candidate facing 

a good light and examine each eye carefully with the aid of a hand lens, 
noting any abnormality. The eye should be free from disease, congenital 

or acquired, such as lesions of the cornea, iris or lens, including affect- 
ions of the surrounding structures, such as pathological conditions of the 
lachrymal apparatus, conjunctival deformities, or any affection which would 
tend to cause blurring of vision if the eyes, unpretected by glasses, were 
exposed to wind or other unfavorable atmospheric ccnditions, 


VI. CULAR NYSTAGMUS, If it occurs on looking straight ahead 
40° or tess; it is a cause for rejection. 


(a) Spontaneous ocular nystagmus produced by extreme lateral rotation 
of the eyes, fifty degrees or more, is not a cause for rejection as it 
is found in the normal individual. It is usually manifested by a few 
oscillating movements, never rotary, which appear when the eyes are first 


_fixed in extreme lateral positions. Select a scleral vessel near the 


corneal margin as a point for observation, 


VII, FIELD OF VISION: The confrontation test may be used to 
determine roughiy the iimits of the visuai field. The field is tested 


‘separately for each eyes Place the candidate with his back to the source 


of light and have him fix the eye under examination (the other eye being 
covered) upon the examiner's, which is directly opposite at a distance of 
two feet. For example: the candidate's right eye being fixed upon the 
examiner's left eye. The examiner then moves his fingers in various 
directions in a plane midway between himself and the candidate, until the 
limits of indirect vision are reached. The examiner thus compares the 
candidate's field of vision to his own and can thus roughly estimate 
whether normal or not, A restricted field of vision or marked scotoma 
should be confirmed by the use of a perimeter, as it would be a cause for 
rejectione 


ViIl. COLOR VISION: Should be normale A Jennings test is re- 
quired, .If confusion, the eyes should be tested with a Williams lantern. 
The Jennings blank properly filled out should form a part of the physical 
record. If the candidate is suspected of having learned the Jennings test, 
the card and blank may be turned over and punched from the unfinished side. 
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IX, MUSCLE BALANCE AT TWENTY FEET: A phorometer with spirit 
level or maddox rod and rovary prism attached, should be used, Muscle 
balance is satisfactory provided there is not more than one degree of 
hyperphoria, two degrees of exophoria, or six degrees of esophoria 

(if in this latter case there is a prism divergence or abduction of not 
less than six degrees). Inall cases pf heterophoria the duction power 
of the muscies must be taken and recorded. 


(a) The screen and parallax test. In case the above described 
apparatus is not available, the following method may be used until the 
proper instruments are obtained; 


The candidate is seated six meters froin a 5 mm, light on 
a black field or a one centimeter black dot on a white field, which he 
fixes intently. Shift a small card quickly from eye to eye and note 
any movement of the eye as it is uncovered and ask the candidate to de- 
scribe any movement of the eye or the light. Orthophoria obtains if 
there is no apparent movement of the eve or the lights Movement of the 
test object or eye with the card signifies exophoria, against the card, 
esophoria, and vertical movement hyperphoria. Prisms are placed with 
the base in for excphcria, out in esophoria and up or down in hyperphoria, 
until the test chiect and the eye just begin to move in the opposite 
direction, The weakest pricm which causes reversal of the movement, minus 


_two prism degrees, is the measure of the heterovhcrias £ there are less 


than five degrees of heterophoria, only cone prism degree is subtracteds 


(bo) Wear point of convergence; A two millimeter white headed pin 
or a one millimeter black dot on a white card is carried towards the 
subject along a millimeter rule froma distance of fiftycentimeters, and 
the point noted at which one or both eyes cease to fix or diplopia is 
first noted by the candidate. This peint is measured in millimeters from 
the anterior surface of the cornea, Keep the test object in the mid line, 
a few degrees below the horizontal plane, A near point greater than 65 
mm. at 25 years of age, end 85 mm, at 30 years of age is a cause for dis- 
qualifications 


X. VISUAL ACUITY, (a) Acuity for distance: Test each eye 
separately, twenty feet from a well illuminated card with Snellen letters. 
Full twenty twentieths vision in each eye is desired, but a candidate may 
be allowed to miss three letters on the 20/20 line with one eye, provided 
the other has full 26/20 vision, and all other tests are normal. Visual 
acuity should be taken without the use of correcting lenses. 


~ 


Place a vlus 2.00D sph. before each eye successively, while 
the other eye is coverede A candidate who can still read 20/20 with 
either eye is disqualified. 


(bo) Near point, or acuity for near vision is determined separately 
fer each eye by requiring the candidate to read, in a good light, Jaeger 
test type No. l.«, gradually bringing the card towards the uncoveredeye 
until the first blurring of the print is noteds 


The distance of this point from the anterior surface of 
the cornea, measured in centimeters, is the near point. A distance greater 
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eat eleven centimeters at 19 years of age, greater than 13 centimeters 
at 25 years of age, or greater than 15 centimeters at 350 wig of age, 
disqualifies. 


XI. OPHTHALMOSCOPIC FINDINGS: Drop one drop of a five percent 
solution of euphthaimin in each eye. Have the candidate keep his eyes 
closed. After fifteen minutes repeat the trops, then examine fifteen 
minutes later, A solution of cocaine, four percent, may be substituted, 
_ cautioning the candidate the Keep his eyes closed between installations. 
A pathological condition of the fundus, active or quiescent, is a cause 
for rejection. 


nee) Gee Of wee eee 6. YE. IN UACWeeaer I OO8 
I. JUDGMENT OF DISTANCE. 


Judgment of distance is assisted by the power of stereoscopic 
vision and for this reason the eyes of all candidates for admission into 
the Aviation Section, Signal Corps of the United States Army have had their 
binocular vision tested by means of a stereoscope.e Inability to stereo- 
scope quickly and accurately is considered a cause for disqualification. 

We know that if a man loses one eye, he is often able to judge distance 
very accurately with the remaining one, but it requires time for him to 
develop this power, It would therefore seem logical, at least, while we 
are able to select our men carefully, to accept only those with normal 
stereoscopic vision, 


Speaking of error of judgment in flving as a cause of aero- 
plane accidents, Anderson states that this error may occur in getting 
off the ground, in the air or when landing. Of the fifty-eight crashes 
in the "V" series, this cause accounted for forty-two. Four in getting 
off the ground and thirty-eight in landing. 


Of the many examples of error in judgment in flying, perhaps 
the commonest is when on landing, the pupil misjudges his distance from 
the ground and either flattens out too soon and "pancakes" with a poss-~ 
ible crash, depending on the height, or else flattens out too late and 
strikes the ground at a great angle, usually overturning and wrecking the 
machines 


It is difficult to estimate and accout for these errors of 
judgment. In some cases it may be due to insufficient instruction. In 
other cases, even after prolonged instruction, the pupil may still mis~ 
judge distance, and on examination one occasionally finds that his stan- 
dard of vision is below normal; but, on the other hand he may be found 
physically fit, with normal vision and normal muscle balance. In the 
latter case, Anderson telieves it may be a question of delayed reaction 
time, and especially the visual reaction time upon which the aviator is 
so much dependant. Normally this reaction time is 19/100 or 20/100 of a 
second. It may be delayed by fatigue and excesses; but, in some individ- 
uals who are otherwise physically fit, it is found to be much slower than 
in others. 
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~ Hence in the seleoting of candidates for aviation, the visual and 
other reaction times should be normal. By the French medical authorities 
on aviation, candidates are rejected if simple reaction times are found 
to be of the delayed type. The Italians also seem to lay considerable 
stress upon simple reaction time, Dunlap, Wells, Reeves and in fact the 

men who have done the most work in reaction time in this country are of the 
opinion that simple reaction time is of little value in the selection of 
candidates for aviation. The accurate determination of the visual dis- 
crimination reaction time and other camlex reaction times might be of cons 
Siderable value. It would seem as:though physical condition on a given day 
and the added strain of low oxygen tension should be taken into considera- 
tion in seeking the cause of these accidentse We know that there might be 
a temporary visual disturbance or weakening of the extérnal ocular muscles 
and this might account for some of the accidents, Naturally, examination 
of the eyes later on might show nothing. 


II. NORMAL VISUAL ACUITY. 


As long as we can, in this country, select only those men with Tis... 
practically perfect vision, it would seem well to do this. A man with 
poor vision will not be able to see an enemy plane as soon as a man with 
perfect vision, He will not be able to accurately differentiate objects 
seen from the air in selecting a landing place and when he has reached 
the ground, he will not see obstructions in his path as clearly as he 
shoulds The latter may result in the plane being "nosed over", Ina 
recent discussion of the "Physical Qualities of Aviators." all the British 
officers and physicians taking part, agreed that the factor of vision was 
of the greatest importance and Clark pled for the use of a cycloplegic in 
making examinations for admission to the flying corpse During the low 
oxygen tension test, visual acuity diminished in 28% of the normal men ex- 
amined.and in 37.5% of the men who were ocularly disqualified for flying. 


III. NORMAL COLOR VISION, 


It is important that the flier have normal color vision, in order 
that he may accurately determine the markings of the different planes, 
differentiate between signal lights and in helping him to make landings 
at night. During the day, the discrimination between the color of a build- 
ing, field, forest or swamp is essential in selecting a landing place. 
There has been no change in color vision during the rebreathing test or in 
the low pressure chamber, | 


IV. FIELD OF BINOCULAR FIXATION. 

It is important that the aviator be able to carry the eyes as far 
as possible in various directions, without turming his head, and without 
seeing double. If a man has a contracted binocular field of vision, it 
certainly impairs his efficiency, whether observing, fighting or flying. In 
50% of the subnormal men examined during the low oxygen tension test we have 
found contraction of the field of binocular fixation, the contraction being 
most marked in the upper field. 


V. MUSCLE BALANCE, 
Normal muscle balance should be insisted upon, for even a small 
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defect may be accentuated by the strain of flying and lack of oxygen and 
result in diplopia or at least a marked contraction of the field of bin- 
ocular vision at low altitudes. kxephoria and hyperphoria have been shown 
to be the most impertance, due to the fect that the weakness of the 

ocular muscles caused by the lack of oxygen produces diplopia more readily 
in exophoria and hyperphoria than in esophoria. 


VI, FIELD OF VISION. 


The field of vision should be normal as the aviator's safety depends 
to a great extent upon his ability to detect enemy planes, or in training, 
his own vlanes, in the various field while his gaze is fixed straight aheads 
The aeroplane and the goggle also do harm, in that they restrict the field 
of vision and many accidents result from this, Everything should be done 
to improve the construction of goggles and planes so that the visual field 
will be restricted as little as possible. 


VII. THE PERCEPTION OF MOTION AND ITS DIRECTION. 
et elteats ra Ait-bohcaccha et hesitate shart ohseahedeahe nl 


The perception of motion and its direction is of great importance 
to the aviator. Appropriate tests for measuring this have been deviseds 
The best pilots say that they finally develop the power to use the periphery 
of the retina so that it is of greater value in detecting enemy planese 


VIII. THE IMPORTANCE OF THE EYE IN MAINTAINING EQUILIBRIUM, 


Before going into this, first let it be stated that the sub ject 
of equilibration is a complex one and that those of us who have an intere 
est in it froma practical standpoint, appreciate the difficulty of the 
subject and realize that although the aviator may fly when one part of 
this mechanism is deranged or destroyed, we believe that in selecting 
mon for flying positions, that it is well to make sure that all the sen- 
ses he used in this complex act are normal. The most important factors 
in receiving impressions are deep sensibility, tactile sense, the vestib- 
ular apparatus and the eyes. The central nervous system connections 
must functionate perfectly to use the information it receives to the best 
advantages Finally the miscles should be in condition to carry out the 
commands of the central nervous system. 


That many aviators depend largely upon their visual impressions in 
the maintainence of equilibrium is evidenced by the fact that they often 
tie a piece of string as a streamer to one of the forward struts, so that 
they may more readily note the first evidence of a Side-slip, when they 
are flying in a clouds In spite of the fact that we miss the visual 
impressions when they are not received, we are still able to control the 
plane if the remainder of the balance mechanism is functioning normally. 


IX. RETINAL SENSITIVITY TO LIGHT. 


It is important that the retina be sensitive to light impressions, 
especially for those men who are carrying out night bombing expeditions, 
With this in mind, most of the allied nations require special tests for 
retinal sensitivity. A test of the contrast sensitivity of the retina is 
believed to be the most useful for our work and only men who have normal 
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Cadet D. W. Mills. a. 

5/9/18 Lieut. Johnson's visual acuity test with subject on 
rebreathing apparatus. Oxygen at end of experiment 10%. 
Lower parts of curve indicate maximal vision gee 
Subject observes test object for periods of three min- 
utes, with one minute intervals of rest. © eg as 


TOUNGON WTeTTlt LATTMY maemrnec tapEDAMTa 
JUBHOUN VinUabL ACULTY THeSTPTING aPPARATUS, 


‘est object observed during periods of three minutes with one minute 
rvals of rest. Amyl nitrite (2 minims) inhaled during third period. 
ver excursions of curve indicate clearer vision. 


sensitivity in this respect will be selected for night flying. 


THE CARE OF THE FLIER AND THE EFFECT OF ALTITUDE 
AND THE STRAIN OF FLYING ON THE EYE, 


Even though our aviators have been examined with the greatest care, 
and their eyes are as nearly perfect as nature permits, the adapting 
mechanism of the human machine, including the eye, was designed for use 
on earth, and altitude adds an unusual strain. Medical men agree that 
definite physiologic changes ocour in man living at high altitudes which 
permit them to withstand lack of oxygen, but they believe from the exam 
inations that have been made of fliers, that they do not becone acclin- 
ated, but often show rather rapid physical deterioratione 


The most important ocular symptom is failing vision, The pilot com- 
plains that he cannot see tho gronnd clearly in lending and has difficulty 
in picking out enemy planes. There may be no defect in vision, but there 
is usually some slight error which was previously correctable by an une 
conscious muscular effort, The mscles become fatigued due to the strain 
of flying and the defect shows itself. A few days rest has been sufficient 
in the few cases Major James L, Birley, ReA.M.C, has seen, to restore 
normal visions 


Certain individuals with apparent perfect acuity of vision are ocular ly 
weak in that they are unable to make use of both eyes, due to some defect 
in binocular vision or fusion senso. This interferes somewhat with judg- 
ment of distance and the disability tends to increase under the strain of 
aviation and lack of oxygen, resulting in bad landings, “orashes", and con« 
sequent loss of personnel and material. These conditions may often be 
improved by treatment. 


Irritation, congestion and inflammation of the conjunetiva and epiphora 
were common complaints of the fliers at Chanute Field. Most aviators 
realize the necessity for wearing goggles but many of them fit poorly, allow- 
ing the cold air to strike the eye with great force, most often near the in= 
ternal canthus where the lachrymal puncta are situated. This probably accounts 
for the disagreeable symptoms noted. The remedy is found in the wearing of 
properly fitted goggles and the use tivo or three times daily of a 2% boric 
acid solution, containing one grain of zine sulphate to the ounce,e In some 
instances one grain of cocaine and 10 to 60 minims of 1 to 1000 adrenalin 
chloride mav be added to the ounces 


GOGGLES » 


Te The Glas Se 

(a) Should have an optically plane surface.» 

(b) Should have a light transmission of 90% or over, for plain white 
glassSe 

(c) If a colored glass is desired, Noviol "oc" made by the Corning 
Manufacturing Company of New York, with a light transmission of 87% as 
excellent. Wuphos has given great comfort and the glass passes a good 
test. The retina of the eye is sensitive to the glare and that is probably 
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one of the causes for physical fatigue of the aviator. The colored lenses 
shut out most of the ultraviolet rays and some consider them of great value 
in bright sunlight, in snow, on water and above the clouds, llany aviators 
object to any tin in their lenses, due to the fact that they say they are 
unable to see as well ina fog, and that the color in the lenses changes 

the color of objects looked at, especially the German uniform and the fields 
in making landings, resulting sometimes in the selection of poor landing 
places or in the misjudgment of distance:. 


(ad) Thiskness of the glass: The lenses should be two or three mn. 
thick. 


(e) Many aviators insist upon some form of so-called non-breakable 
glasses, which is nothing more than two pieces of glass with a piece of 
celluloid between. This piece of celluloid cuts down the transmission of 
light between 16 and 19%, and no matter how clear the celluloid is originally, 
it deteriorates with age and becomes yellow and less transparent. When these 
glasses are struck with considerable force, the glass on the posterior sur- 
face splinters off and flies into the eye. Even with these disadvantages, 
some men insist upon the non-breakable feature, and perhaps not without 
reason, for even though the splinters do fly bff the back of the glass, the 
eye closes immediately in an accident, end these small particles would hard- 
ly penetrate the lids, and there is no doubt that in some instances the 
celluloid prevents the driving of large pieces of glass towards the eye. 


II, Visual Field; It is most important that the aviator have a broad 
field vision, and for this reason a large, curved glass is desirable. 
Without a broad field of vision the aviator may not see one of his om 
planes in time to prevent an accident, Pilots who are doing actual fight- 
ing demand a broad visual field above everything else, 


III, Visual Acuity: It is important that the aviator have keen vision 
and for this reason glass with optically plane surfaces should be furnished 
and a determination made of how much visual acuity is cut down by celluloid. 


IV. Safety to the eye; The parts of the goggle which come in contact 
with the brow, nose and cheeks should have round edges, and be protected 
by a soft cushion. 


V. Lightness and strength: The goggles should be light, so that they 
will not cause discomfort. They should be simple in construction and yet 
strongly made. 


VI. Comfort: The goggles should not press upon the bridge of the nose 

so as to produce pain, and the elastic which holds the goggles in place 
should not be drawn too tight. An adjustable, interpupillary distance might 
be valuables 


VII. Cleansing: Goggles should be easily cleaned, and there should he no 
place for vermin to hide. 


IX. Protecting Sinuses: There should be sufficient covering in connection 


with the goggles to protect the frontal sinuse Aviators often complain of 
pain in this region when it is left exposed. . 
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Xe Ventilation: The goggles should be carefully adjusted so that 
there are no leaks, especially near the nose, which would permit the 
wind to strike the internal canthi directly. Most of the aviaters who 
have done fighting at high altitudes believe that the goggles should be 
equipped with some indirect method of ventilation. 


XI, Material for lenses: Glass is best, Celluloid and gelatin smear 
too easily and celluloid deteriorates too rapidly. Mica chips and cracks, 


XII, Non-inflammable; The material of which the goggle is composed 
should be non-inflammable and for this reason any wooly material is danger- 
ous as it burns readily. Incendiary bullets are now being used, and they 
cause great damage when they strike a gas tank, 


XIII. To further prevent injury to the aviator, all parts of the fuselage 
or control system which he is liable to strike in falling, should be pro» 
tected by pneumatic cushions. 


"Doctors and professional aviators have noticed that during the 
ascent, respirations become more rapid and the heart beats faster, up 
to an altitude of 1,500 meters, At this altitude the vision may become 
less clear although a French observer states that at 2,000 meters the 
visual acuity usually increases by a third by reason of the congestion of 
all the organs of the head and in particular of the chomid and of the 
retina," Visual acuity tests carried out under low oxygen tension on the 
re-breathing apparatus and in the low pressure chamber have now show any 
marked increase in vision. On the contrary, the improvement, when it 
occured, has usually been slight, but more often the vision has remained 
unohanged and ina few cases has fallen off considerably. 


"During the descent, there is another series of phenomena which 
increases as one approaches the ground. It is first the sensation of 
smarting of the face with redness and very high color. The eyes sting 
and are injected, The nostrils are moist and then comes a headache, or 
more exactly a sort of heavy feeling in the head with a sensation of ob- 
structions. Swelling in the pharynk at the level of the larynx. Finally 
there is a strong tendency to sleep. 


To explain these difficulties during the ‘escent, one may admit 
that an airman who falls to the earth in four or five minutes or less, 
after having attained three or four thousand meters of elevation in twenty 
minutes has not had time to adapt his circulatory system to the different 
barometric pressures." From the experimental work done, the change in 
oxygen tension would seem to be the most important factor in the production 
of symptoms « 


The question of correcting lenses is an important one and most 
ophthalmologists feel that it is better in principle not to have vision 
corrected by lenses, at least as long as we are able to obtain men with 
nearly perfect vision. The aviator needs perfect vision and a normal 
ability to distinguish colors, a rapid valuation of distances and the 
faculty of accommodating rapidly. There have been many accidents desc.ribed 
as due to -hyperopia, myopia and astigmatism and itis a question if it would 


B=484 4.'9 


Pvt.R.B.MSC lean, 


Low Pressure Chamber Experiment— 61018 
Low ressure 


15 Sea Level Rebreathing _—__—— COC 


Vndbactig = on BS BER. Babe. 


5min ayrer Oxygen give 
~ Seatevel oftertony, 


Ox ygen Qiven 


not be well to use a cyclonlegic in the examination of all candidates for 
admission to the flying corps, 


fhe Research work done in this laboratory has shown definitely that 
a flier's life denends, to a great extent, upon his ability to keep in 
condition, both mentally and physically. Loss of sleep, dissipation or 
illness will so lower his resistance that his eyes break more readily 
under the added strain of low oxygen tension, which, in actual flying 
would frequently result in death. 


When every flier understands this fact, we will have a more effi- 
cient flying corps and fewer accidents, 


OPHTHALMOLOGICAL EXAMINATION OF THE FL] ER, DURING LOW 
OXYGEN TENSION EXPERIMENT, 
PRELIMINARY. 


VISUAL ACUTY: A Snellen test card is hung on a level with the candidate's 
eyes, at a distance of 20 feet. Uniform illumination is obtained by the 
use of a 75-Watt nitrogen daylight lamp, placed one foot from the card, at 
anangle of 45 degrees, 


The left eye is covered and the vision of the right eye recorded in 
feet. (Ex. 20/20, or if three letters are missed in the 20/20 line, 20/20 - 
3). The right eye being covered, the vision of the left eye is determined 
and recorded in the same manner. Place a trial frame before the eyes and 
cover the left eye, place a high plus sphere before the right eye and add 
minus spheres until the best line read without the use of a lens is again 
distinct. This procedure is repeated for the left eve, and the strongest 
convex lens which still permits clear vision is recorded. 


RETINAL SENSITIVITY. 


Ae Contrast Sensitivity. 


1. This is the test to be used in the routine preliminary examination. 
The test object is made by pasting a 1 inch square of gray paner ona 2 inch 
square of lighter gray paper where there are 13 perceptible differences be- 
tween the two squares. The two squares are mounted on a 5 inch Square of 
heavy cardboard for handling. The test object is placed slightly above the 
level of the subject's eyes at a distance of 20 feet. A 75~Watt, 110-Voit 
daylight lamp at a distance of 8% inches and at an angle of 45 degrees is 
used to illuminate the test object. The Reeve's wedge is made by coating 
a neutrally dyed gelatine in a wedge shape on nlate glass so that the ab- 
sorption of light varies with the thickness of gelatine deposit. A cover 
glass is cemented over the gelatine for protection. The subject is told the 
principle of the wedge and what to look for when viewing the test ob ject 
through the wedge. Before making any readings the subject should be show 


how to keep his pupil in line with the aperture in the wedge cases The 
subject, with both eyes open, then draws the wedge from its case until 

the contrast just disappears and the larger square appears uniforms When 
the pupil is in line the examiner should give the word for the wedge to be 
drawn out of the holder. The rate of movement should be so regulated that 
the contrast disappears in not less than. five nor more than eight seconds» 
Repeat until three readings have been obtained and if these results are not 
too discordant their average represents the threshold for the subject. 


2. <A 20/50 Snellen illiterate "E" is used instead of the smaller 
square and the subject should be able to tell which direction the "E" points 
when it is shifted as he observes it through the wedge, ‘This test is to be 
used in special cases; suspected malingering, etc. 


B. THRESHOLD SENSITIVITY: This procedure may be employed to check 
the contrast Sensitivity test. 


At the regular distance of 20 feet with the Reeves wedge before the 
right eye, the observer looks at a 3 mm, aperture in the iris diaphragn, 
on the De Zeng stand. A 36-Watt, 110-volt Mazda lamp with frosted globe 
is used as the source of illumination, the candidate looking through the 
aperture in the wedge with the right eye. The wedge is dravwm out until 
the light just becomes invisible, the rate of movement to be the same as in 
the determination of contrast sensitivity. The reading of the scale on the 
wedge represents the threshold for the adaptation to the brightness of the 
room, (The absolute threshold would be represented by a similar procedure 
when the eyes were completely adapted to a total darkness.) At least three 
readings should be taken for this threshold and if the results are too dis- 
cordant the examiner should repeat directions and closely supervise the 
procedure. When giving directions, the examiner is getting the aperture in 
the wedge apparatus centrally aligned with the pupil. This threshold value 
represents the least that can be seen for the particular adaptation of the 
retina, (The examiner should always bear in mind that the threshold value 
differs greatly for different brightness adaptations and different states 
of adaptation to the same brightness.) The average reading for the wedge 
should be determined for special conditions found at each laboratory. If 
the eye is to be adapted in an absolutely dark room, for practical purposes 
the adaptation would be complete in 20 minutes. If the candidate is to be 
adapted for a light of known brightness, for instance a 75-Watt nitrogen 
daylight lamp in a dark room, 15 x 10 x 8 ft» 5 minutes adaptation would 
be sufficient. 


MUSCLE BALANCE: THE ROUTINE. 


The subject’s eyes should be on a level with and directly facing a 
one centimeter black dot on a white card or the 1 cms opening in the iris 
diaphragm on the De Zeng stand, 20 or 25 feet distant. It is most immnortant 
to see that the candidate's head is held in the vertical plane if errors in 
determining the amount of hyperphoria are to be avoided. If a phorometer 
or maddox rod is used, it is well to check the findings with the scfeen and 
parallax test. 


MADDOX ROD TEST. 


A trial frame with a red mltiple maddox rod, properly centered before 
the right eye should be carefully adjusted, so that there is no sagging from 
the horizontal plane. The eyes are fixed on the light source and the left 
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served, running horizontally, when the rod is vertical, and vertica 
when the rods are horizontal. The left eye is uncovered and the candidate 
states the exact position of the red line in relation to the light. If 
the red line, when vertical and horizontal runs directly through the light, 
orthophoria obtains for distancee If the vertical red line is to the left 
of the lights (crossed diplopia) there is exophoria. If the line is to the 
right of the lights (homonymous diplopia) there is esophoria,. The prism 
placed base in before the left eye in exophoria and base out in esophoria, 
which causes the line to run through the lights is the measure of the 
horizontal imbalance. If the horizontal line is above the light there is 
left hyperphoria, if below the light, right hyperphoria and the prism, base 
up or down, which causes the line to run through the light is the measure of 
the vertical imbalance. Ta remember that high eye means low image and when 
the eyes are uncrossed, the diplopia is crossed, may help one in the study 
of the heterophorias. 


eye is covered to make sure that the single bar of light is pcos een BE 


Some candidates may not understand the rod test or they may have been 
coached to say that the rod runs through the light so always check the find- 
ings with the screen and parallax test, or use the rod in combination with 
@ prism which would produce a known deviation of the line. 


SCREEN AND PARALLAX TEST, 


The candidate is scated six meters from a 1 cm, light on a black 
field or a one centimeter black dot on a white field, which he fixes ine 
tently, Shiftacard quickly from eye to eye and note any movement of the 
eye as it is vncovered and ask the candidate to describe any movement of 
the eye or the light. Orthophoria obtains if there is no apparent movement 
of the eye or the light. Movement of the test object or eye with the card 
signifies exophoria; against the card, esophoria, and vertical movement, 
hyperphoria. Prisms are placed with the base in for exophoria, out in 
esophoria, up before the right eye in left hyperphoria and down in right 
hyperphoria, until the test object and the eye just begin to move in the 
opposite direction. The weakest prism which causes reversal of movement, 
minus two prism degrees, is the measure of the heterophoria, If there is 
less than five degrees of heterophoria, only one prism degree is subtracted. 
N.B. In hyperphoria, first correct the horizontal imbalanoe and then super- 
impose the square prisms to determine the amount of vertical imbalance, 

The prism which just stops the movement gives the measure of the hyperphoria, 


If muscle imbalance of more than one degree is found in either plane, 
the maddox rod and screen and parallax tests should be made at 14 inches, 
using a 2 mm. black dot on a white card or the light of the Hare-Marple 
ophthalmoscope as the test object. The converging, diverging and sursum- 
verging power should also be taken and recorded on back of the 5 x 8 history 
card. Example: In testing the power of convergence, the subject fixes the 
one centimeter black dot at 20 feet and prisms of increasing strength are 
placed, base out, before either eye until the diplopia produced cannot be 
overcome, The strongest prism through which binocular single vision is ob- 
tained is the measure of the converging power. Practice is important, es- 
pecially in determing the power of convergence, It is well to begin with a 
very weak prism and gradually increase the strength, permitting the subject 
to close his eyes and then open them quickly when he has difficulty in 
fusing the test object. In testing the diverging power, prisms are placed 
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base in and gradually increased in strength. To make certain that the 
candidate is really fusing the prism may be rotated a little producing 

a vertical diplopia and then brought back to the horizontal, or the eyes 
may be screened alternately and any movement of the unscreened eye noted. 
The right sursumverging power is tested with the prism base dom. Before 
making a definite statement as to the strength of the muscles, it is well 
to have the candidate return several times, for as has been said, practice 
and knack play a great part in this examination. Always test the divergence 
first, then the sursumvergence and finally the convergence. 


MUSCLES 


If there is a marked imbalance of the ocular muscles, it will be well 
to use a black wall as a tangent screen, and make a record of the diplopia 
in the various fields as obtained by the use of the ruby glass and light 
at a distance of 30 inches from the wall. This should be recorded on the 
tangent screen charts which have been provided, and filed with the 5 x 8 
history cards i 


ACCOMODATION. (NEAR POINT) 


The near point accomodation is measured by means of the Prince rule, 
using fine type, Jaeger #1, or the Duane disk, as the test object. ‘The 
Prince rule has been gouged out at one end to permit its use in the mid- 
line, as in this way it can be placed over the nose, in contact with an 
ink mark which is 12 mm. in front of the cornea. This point is measured 
by placing a mm. rule alongside the forehead and with the gaze fixed 
straight ahead, lé2 mm. is measured off. The point thus determined is marked 
on the nose. The test object is brought slowly towards the eye until the 
first sign of blurring is noted. This procedure is repeated several times, 
instructing the candidate to exert all his power, so that the test object 
may be brought as close to the eye as possible, for we know that the first 
contractinn of a muscle is seldom its strongest. The reading at which the 
test object was brought closest to the eye is recorded in mm, It is well 
to have a good light from a 75-Watt nitrogen daylight lamp shining direct- 
ly on the type, and the test is more accurate if the test type is held 
slightly below the horizontal plane. ; 


PUPILLARY DIAMETER. 


With the candidate seated in the chair in which he is to be tested, 
and with the same light that will be used later on, he is asked to fix 
a distant object. A mm rule is inverted above the pupil with a plus 
2.75 sph. superimposed and the reading is made while looking through the 
lens. If greater accuracy is desired the Wilmer pupillometer should be 
usede 


COLOR VISION. 


For this purpose Jenning's color-test is used. The method of making 
the test: The cover of the green side of the box is removed, the color 
board is lifted out, a record sheet inserted and the color board replaceds 
In replacing the color board CARE MUST BE TAKEN TO SEE THAT ITS TOP,. MARKED 


ON THE BACK "NO.J GREEN" CORRESPONDS TO THE TOP OF THE RECORD SHEET. 
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The box is now turned around several times until all sense of direction 

is lost. The green test skein, fastened to the insidé of the box lid, is 
placed at a distance of 2 feet and the candidate is given the stylus and 
requested to look along each row of colored patches, and when he sees the 
test color, or one of its lighter or darker shades, he is to place the point 
of the stylus in the opening and punch a hole in the paner beneath. Have 
him understand that he is not expected to find an exact match for the test 
skein, but that he is to indicate all the color patches that appear to him 
to be same general color as the test skein, both those that are lighter 
and those that are darker in shade. Having completed test No. 1, the re- 
cord sheet is removed, the cover is replaced and the box turned over, ex- 
posing Test No. 2, the ROSE. The same record sheet is placed under the 
rose color board CARE BEING TAKEN TO HAVE THE TOP OF THE RECORD SHEET AND 
THE TOP OF THE COLOR BOARD, MARKED ON THE BACK "NO. 2 ROSE" correspond. 
The rose test skein is now displayed and the test proceeds as before. 

If the candidate seems to have been uncertain in the selection of colors 
or you suspect that he may have been coached in the test, turn the card 
with the colored wools and the blank on the reverse side and have another 
reading made. Another way to confuse the subject is to cut a circle ina 
piece of paper and place it over the peripheral skeinse 


REACTION OF THE IRIS TO LIGHT AND ACCOMODATION. 


The reaction of the iris to direct and indirect light and accomn- 
odation is noted and recorded as plus (meaning reacts) 1, 2, and 3, being 
increased reaction, minus 1, 2 and 3 meaning degrees of sluggish reaction, 
and QO no reaction. The reaction to accomodation is determined by requiring 
the candidate to look in the distance and then fix on a 2 mm. black dot on 
a white card held 10 cp. in front of the eye. The rea-ct.ion to light is 
best taken in a dark room requiring the candidate to look into the distance 
and directing light from the Ilare-Marple ophthalmoscopic mirror through 
the pupil and noting the reaction in both eyes. It may be taken more rough- 
ly with the candidate facing a window and fixing a distant object, both 
eyes being covered, the covers’ are removed alternately and the reaction to 
direct and indirect light noted. 


NEAR POINT OF CONVERGENCE. 


The Price ruleand a two mm. black dot as a test object are used. 
The end of the rule rests across the bridge of the nose at a noint 12 m. 
in front of the corneas The test object is brought slowly towards the eyes 
slightly below the horizontal plane, until there is a doubling of the dot 
or one or both of the candidate's eyes ceases to fix. The test is repeated 
several times, instructing the candidate to exert his maximum effort and 
the reading which was closest to the eye is recorded. 


STEREOSCOPIC VISION. 


An ordinary stereoscope and the A, B and C cards are furnished, 
The stereoscope should be held away from the candidate's eyes and grad- 
ually brought up to them, instructing him that he is to look at the pic- 
tures just as he would look at objects in a show case in a store window. 
He is then asked to move the card backward and forward until the point is 
reached at which the pictures are most distinct, and his eyes are most 
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comfortable. He is then asked to name the onjects by number as he sees 
them, from before backwards The usual order with the A card is 9-1-7, 
3-2-4, 5-6-8 and 10. Confusion of 4 and 5, 9 and 1, and 8 and 10 is 
vermissable. To further test the candidate on the same card, he may be 
asked to name the smaller objects on No. 9, from before backwards, they 
are; cross, balloon and flag. On Nos 8; balloon, cross, rod and pennant. 
No. 10; pennant, balloon and cross. The usual order for the B card is 
7-5-9, 3-4-2, 1-10-8 and 6, for the C card, 10-9-2, 7-8-6, 4-3-1 and 5. 


OPHTHALMOSCOPIC EXAMENATION. 


The direct and indirect methods should be used, noting any changes 
in the lens, media or fundus. 
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PRELIMINARY REPORT OF THE RESEARCH WORK OF 


THE OPHTHALMOLOGICAL DEPARTMENT, MEDICAL RESEARCH 
LABORATORY, 
July 17, 1918, 


Although the, number of men examined has been few and the Re- 
Meboh work barricd out: under adigerse conditions, an outline of the 
results so far accomplished may prove of some value ‘in helping us 
pare for the flier in a more scientific manner, 

_ The most important problem in the one of visual acuity and it 
is absolutely essential that the pilot or observer have as nearly 
perfect vision as nature permits under normal conditions, and fur- 
thermore that the visual acuity will not show a marked deteriora-~ 
Lion due to the lack of oxygen, | ! 

Visual acuity has been studied using Ives! test object and 
Johnson's visual acuity test apparatus and also with the ordinary 
snelimtest type. - The Ives' visual acuity test object has been 
found to be of the greatest value for taking the visual acuity on 
the Henderson rebreathing apparatus, due to the fact that the sub- 
ject could raise his hand when he first perceived the lines. In 
the low pressure chamber it has also proven of value for the first 
surface mirror could be used bo increase the reading distance. 

: Forty-four subjects were examined on the rebreathing apparatus 
and in the low pressure chamber, They were classified as normal 
and subnormal, i.e, those who could pass the examination for the 
) epartment of Wilitary Aeronautics and those who would be ocularly 
Jisqualified. The thikbeen subnormal subjects were so classified 


secause of defective vision arising from errors of refraction. 


| Normal _Subnormal. 
Jision improved, | 3 (10%) 
Vision decreased | 8 (26%) 5 (38.52) 
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One of the French observers claimed that the visual acuity in- 
preases at an altitude of 2,000 meters and that this was orobably due 
ie) congestion of the head and in particular of the choroid and retina. 
yormal visual acuity readings were taken, using the Johnson apparatus, 
shen a three minim pearl of amyl nitrite was inhaled to produce con- 
“estion. Twelve men were examined and there was imvairment of vision 
luring the period of maximum nitrite effect in all except one, a my- 
pe, During the first stage of the action of the drug there was a 
light increase in visual acuity in most instances. 

The effect of tobacco upon the visual acuity has also been s‘tu- 
ned. Smoking one strong cigar or inhaling one or two cigarettes.Con- 
rols were made in most instances, Twelve or seventy-five per cent 
ihowed falling off in visual acuity over the control, six per cent 
howed a rise and three or nineteen per cent showed no change. This 
ubject will be taken up in full under the effects of tobacco on 
he eye. 

Reaction time: The French and Italians have laid great stress 
pon the determination of the reaction time, and it is undoubtedly 
mportant that the pilot or observer act and think e little more 
opidly than his adversary, if he is to have the advantage, Dunlap, 
eeves, Wells and in fact ali the men who have done the most work in 
eaction time in this country believe that some form of complex re- 
ction time will prove of value but they are skeptical as,to the 
esults obtained with the simple reaction time tests employed by the 
rench and Italiand. With this in mind the Reeves visual discrimin- 
tion reaction time experiment with four vossible correct reactions 
nd five possible stimuli has been chosen. The subject presses the 


elegraphic key the moment the stimulus appears upon the ground glass 
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Plate. The Dunlap chronoscope starts recording time the moment the 
light appears on the ground glass and is stopped by the subjects' 
reaction. The chronoscope records time in .12 of a second and the 
average discrimination reaction of a normal subject 48 approximately 
one-half second, and for simple reaction time, one-fifth of a second. 
Judgment of distance ana stereoscopic vision: There are many 
factors involved in the judgment of distance, but undoubtedly ster- 
€0psis is of importance in the accurate performance of this complex 
act and therefore it has been considered important that the stereos- 
copic vision be tested under conditions of low oxygen tension. 

The stereoscopic vision was tested on the Henderson rebreather 
/ and in the low pressure chamber, by use of the ordinary stereoscope 

| containing 7 degree vrisms, base out, with a plus 5.50 sphere super- 
imposed. The ability to maintain perfect stereopsis at high alti- 
tudes was noted, 

Nineteen normal subjects were examined en the rebreather, with 
a loss of stereopsis in only three of them, or 15. 7% .Read- 
Baca were taken at six minute intervals throughout the run. Of seven 
-men, ocularly disqualified, stereopsis Was lost in only one. In no 
Case was a change noted below 20,000 feet. 

seven "normals" and nine "subnormals" were examined in the low 
pressure chamber. Here readings were taken at 10,000, 15,000 and 20, 
000 feet.: Ai seven normals remained unchanged and only one subnor- 
a showed any confusion in stereopsis . This change was noted at 
is, 000 feet, but normal stereopsis was promptly restored by the ad- 
ministration of oxygen. 

Color vision: Color vision is considered important ‘a the 
flier, by most of the allied nations and certainly it plays an im- 
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portant role in judging the color of ficles anc swamps in lancing. 

To accurately determine the color of roofs, chimneys, lights, etc., 
particularly colored lights at night, neh color vision is surely 
necessary. We have endeavored to determine the effect of low oxygen 
tension upon color vision. Stillings plates were uscd in these tests. 
Five subjects were carried to 20,000 fcvet or cver in the low-pressure 
chamber and five above 20,000 feet on the rebreathing apparatus. 
There was no change in color vision during these testis. 

Field of binocular single vision and field of binocular fixa- 
tion: The field of binocular Single vision has been tested by means 
of the Bjerrum tangent screen, modified by Duane,the Wilmer wand and 
ilmer spectacles, The field of binocular fixation has been tested 
‘by the use of the modified Schveiger perimeter ané small dots on a 
Erhite card. 122 men with normal eyes were examined and’ sixteen who 
were ocularly subnormal. 7.37% of the normals showed contraction of 
‘the field of binocular fixation. 50% of the subnormals showed this 
‘contraction. Contraction of the field was more marked above. 


Muscle balance and muscle strength: It is important for the 


| 
| 
flier that his muscle balance be as nearly normal as possible, for 
. 
‘small defects are accentuated by the strain ef flying and lack of 


oxygen, resulting in a marked contraction of the ficlic of binocular 


r ° > 2 ° ° a ° 3 a ns 
“Single vision and sometimes divlopia is produced, even at low alti- 


‘tudes. Research work has demonstratec that exophoria and hyper- 


phoria are more objectionable than esophoria. 
To determine the effect of lack of oxygen upon the ocular 
muscles , thirty - five men, acceptable for the air service, 


have been examined, on the Henderson rebreathing apparatus 
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and the findings checked by repeating the test in the low pressure cheiber. The 


muscle éuction was taken at sea level, 5,10,15 anc 20,000 feet am at this point 
Omygen was given in the low  »ressure chamoser fox five minutes am on the reo 
breathitg epparatus the mouth piece was teken out, allowing the subject to 
breathe nomally. Oxygen or breathing atmospheric air caisec a return of tue 
muscle strength to normal in from three to five minutes. The general averages 
of tke strength of the imiscles at soa level is as follows: 
Suje rduction. " Apeaction. Ada ct ion. 
ae 6.2 16.8° 
Loss of strength during the rebreathing test; 
15,000 feet or 11.8% oxygen. 
Suje rductione Abduction. Aé.cuc tion. 
1.1° (394) 1.5° (24g) 1.8° (9.5%) 


20,000 feet or 9.7% oxygen. 


Supe wuction. Abduction. Aceduction 
1.9° (70%) 1.83° (29%) 294° (17%) 


Loss of strength curing low pressure cimtnber test: 
| ] ,000 feet or 11.8% oxygen. 
Superdu ction. bea ction. Ag.cu cbion » 
1.05° (37%) 1.35° (24%) ¥ 1.75° (19%) 
20,000 fect or 9.7% oxygen. 
nue rcuction. Abeu ction. Aa cuction. 
147° (64%) 1,8° (294) , 208° (16%) 

In all the subnorml sib jects cxamined, jeriapaleriy Panes with convergence 
insufficiency, alone, 0 r combined with divergence excess, tha@e wes a warked 
loss inthe power of adduction end ciplopia often occurred between 10 anc. 15,00 
feet. Menwith over one degree of hype rphorice, sarticulerly wien combined with 


exophoria, showed a rapic recuction in muscle strengtu, often resulting in 
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di vlopie. Subjects in tie subnoriml eroup shoule be cerec. for by muscle exer- 
cises arm. overations there it is found necessai 7. 

Field of vision: It is of the utwost impoxtence tiat the evietor Bave the 
broadest possible ficld of vision, for we know tha t-s vical fiselc is cm- 
tracted slightly cue to tie lack of oxygen, anc. that marked cmstriction of tie 
field is producec by poorly em structed goggles es well as by blinc axzgles in 
aeroplane construction, The fields for form amd color have been tézen in the low 
pressure chavber as 5,10,15 an 20,000 feet am Vien contraction is na&ed at 
20,000 fect, azygen is acminister ede fo apie sure that the charges avenot due 
to fatigue, controls have been talen at see. level, corresponding in tis of Ce 
ene. in time interval to those taken in the low “vy essure Ghatbere At 5,000 anc 
10,000 feet there is usually a slight enlargemcat of the fielas for fom an. 
color, at 15,000 2 slight cmtraction anc _ 20,000. a. saatix od contraction. Tiventy 
men have been examined are at 20,000 fect the fields for formiave som @ con- 
traction of 14% of their originel size below, 3.5% in the tayo vel field, as 
above ar. 64 nesally, The green 4.5% in tle lowe:, 5% in the temporel 54 ove 
anc. 25% in the nasal ficld, Give minutes after returning to sea level, fiele s 

are noimel in’size. Giving oxygen at 20,000 feet for fou . a five Minutes cexnsec 
a return of tle fields to normal, Several fielés weve bem técen on tie re- 
preat ning oparatus snd the results are fairly @ vizyveble with those famc in the 
liw pressure chamber. 

Peree tion of motion by the vetina: It is important thet the aviator not. e 


the aporoach of an eneny Dlene before tue eneny wes hin, ac. thecsfor tie lea 


sense of  ercestion of motion by tie retine is « valuable asset tothe flier. It 


— ee 


has been our endeavor to provice same inethoc of te ing oi. yeacorCing these fielcx, 
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7, These fields were taken in a dark room with no illumination other 
than that of the test object, for which purpetsalay ophthalmoscope 
battery handle with the cap removed was used, 

The subject was seated at a distance of 15 inches from the center 
of the Bjerrum sereen, The test object was held on the opposite 
Side of the screen from the object and gradually moved until it came 
into the field of vision, In this manner the place at which the 
motion of the light could be first seen was noted and then at what 
point the correct perception of direction of motion could be ascer~- 
tained. Lastly the field of form was taken, i.e. the first point 


at which the stationary light could be recognized, 
The relative sizes of these three fields can be seen by the 


average figures of ten cases:: 
Field of direc- 


; _ Field of motion. tion of motion. Field of form. 
UP. 33 1-1/3 29-2/3 
Down 47=1/3 45 42-1/3 
Right 5 42 40 
Left, | a7 43 4.8/3 
Up & Right, 42 | 40 ‘ioe 
Up & Left. 41 58 36 
Dewn & Right 48 45 43 
Down & Left 47 44 43 


The field of motion is approximately 3© larger than the field of 
direction of motion which in turn is about 13° larger than that of form. 
It is evident then that a moving cbject can be scen 44° sooner than a sta-~ 
tionary one. That is,the field of motion is 44° larger in every 
direction than that of form. This relationship is apparently a 
constant one independent of the size of the field. In other words, 


if motion is perceived at a certain point you expect to find the per- 


ception of form 42° farther in towards the center, In a like 
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8. 
menner the ficid of perception of Cirection of motion bears a ratier ca stant 


rélationdhhip to thet of motion aw. of form, 

Intraocular tension: Intraocular tension has con stucied in tle low 
presmre chamber. Fourteen icon i~ve been examined in tho low presmre chamber, 
Wo correlation Ins been found, cithor betwoon intraomlar tmsion awl the blood 
pressurc, or lowred oxygen tension am various carcio-vascular chmges, for 
the intraocular tonsion bss sorotimes gonc up as the baranetric pressure was 
lowered am. somtincs it hes gone down with the lowering of barometric pressurd. 
This also holds truc for the blooc pressurt Hoveve:, before definite emclu- 
Sions should be made, more work should be dono, 

Aeconmodation: The flicr mst continually obscive th instruments on the 
inside of tho fuselage, vartimlarly ot night, onc thorefore it is igo voc. 1b 
that the accommdeation should not fell off tbo rapidly duc to lock of oxyem. 
The role of accomodation in visusl acuity and in judgment of distame is also 


iiapo rtant. 

The near point of accommdation has been taken eve y two minutes in the low 
peossure chamber am. on the rebreathing apparatis using a Prince rulo with 
Jaeger test typo or the Duem disi:as a test object. Nomalruns nave bean mete 
wi taout the low oxygm tension effect for the purpose of comparism. One 
huneree. ard forty-eight men, acceptable for the 1.5. as fliérs, were oxamined 
on the rebreathing apparatus. 44.6% siowed a recccing of tio near noint, 18% 
showed improvemmt, fluctuating changes in accommodation were noti ced in 14,4% 
enc. no change in 23% Fleven subnornal cases wore cxamined an 63.7% meni- 
fostcd a decrease in accommodative power, 18.5% an apparent incxcase, 9% showed. 
no change ar. 9% variable reactions. The low wessure cianber findings were 
oractically the sme as those with the Hemerson yebreather Of seventeen 
nome) men examined, 47% shoved cecrease in acconao dative power, 11.7% increase, 
23% fluctuation and 728%: no change. Three suonoruel subjects were exeminea 
in the low sresmre chamber, 2 show’ 2 Cegreacs 14 acca €ative vaver am. the 


Otter gave 2 varyi reaction. When tie stbject is brmght to sca-Level the ac- 
J S 


commcet ion comes back rapidly in sane md dowly in others. The inhalation of 
xygen invariably causes a return to aorunl even though the subject may be kept 


at 20,000 feet in the low pressure Che mDEr e 
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That these changes co not follow the carcio-vasculex reactions is snow by 


tus fact that 57 men, exhibiting acceleretion of  ulse rate and, ed nte inen ce 

of pulse pressure, shaved in 42,14 decrease in the power of accamodetion, 

15 8% increase in power of accannodation, 15.8% fluctuation in accommodation anc. 
26.3% no change in eccommocation. Our researches would lead us to belicve that 
nye ropes and stbjects with a merked amount of hyperopic astigmatism shai the 
most marked chenges in eccanmodation. 

Fatigue of eccommodation has been studied with Hove's ophthalmic ergograph. 
Norm.1 tiree minute runswere wade without tle low oxygen tension effect as 
contro ls, then + bree imi nut @ ruas with same tine intcivalz weve uece in the low 
pressure chamber am on the vebreathing apparatus. The findings on tie rebreath- 
ing apoaratus and in the low pressure chamber shoved, at 15,000 feet, a more 
e.Di8 onset of fatigue then wes evicencec dy tis controlsax. at 20,000 fect 
the fatigue was merkec. Tho cCministration of artificial oxygon rapidly re- 
stored the nomol tone of tho ciliary muscle. 

Convergence: if the near point of emvergence fdls off “orkecly ducing 
flying tho oviator's obility to mico landin:s proporly will bo immoircd me, 
therefore, the near point of wnvergence has buen tkon Curing the robreathing 
test am low-pressure chamber oxperincnt. 


5 4, “U" shaped iece was cut ow of the Prince m1leto fit over the noge and 


= 


@ 2mm. black cot on a white bickground was used cos c test object for mking 
| this cetemnination. .Rea@ines ware tdten without low owygen tensim effect, with 
low oxygen tension effect and ti effect of the ecuinistret io of oxygen was 


_ Geteminec, Reecings were teken every wo minutes mcd clertec. One huncreé and 


forty~seven ten with navupl eyes were examined on tie Hemerson rebreathing oo~ 


) Yearats. 
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50.9% Decrease in cmvergence  0\er. 


17.6% Inexease in cmverrence Dover, 
11.5% Fluctuation in ¢mveigence ower. 
20.64 Mo charge in convergence power. 

Of eleven subnomal mon oxauined, 6 wore Ciscualified fa visuol amity 
om five for susculor inbolmce. 457% showed dcereasc in power of convorrerce. 
Increased converging powor, fluctuating chmpges and no change in the neor point 
of convergace wore each noted in 18.1%. Of sixteen nomel men oxamined in the. 
low pressure chamber, 504 showed filling 2ff in power of omve mone e, none shovwec 
in¢rease, fluctuatin: reactions were Pea ak in 1 2 5% axe. 37 65% remained unchaneed.e 
Inthe subnoriml sroup the recession of the ne.r point of emveryaice ws very 
terked, sometimes resultine in diplopic. 

An attempt has bem mace to sia what rele tionshiv, if any, exists betwee 


the convercence am tle cardio-vascular reactions to. lov oxygen tension. 
Seventy-two cases showing an increase in sulse rate and a mointainence 


in pulse pressure gave these convervence chanses, thich would seemto imiccte 


that ocular chonges camot be predicted by the cardio-vasculor reaction am vice 


Vor 82. 
54. 2h Decrease in power of canvergence 
15.3% Increase in power of convergence, 
| 9.7% Fluctuation in vower of emveryence 
20.8% ilo chanje in power of convergerce 


The results would dncicete that the Hemersm rebrecotiuing apparatus 
anc. low jressure tank give elmosc identical fincings end in ech cuse the deter 
mining factor seeias to be the lowering of oxyeen tension ac the edministration of 


/Osygen soon causes the w@nvergence neaxpoint to return to nomicl, irrespective a 


the barometric iw essure. 
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ll. 
Patigne of convergence has been stuciec with Howe's ophthalmic ergogreah. 


Nomacl three minute rims as controls were rade without the lov oxygen tension 
effect, then three minute suns with apwrox imately the seme tinue interval were 
mace in the low pressure chanber enc on the rebreathing pperatus. The fincings 
on the rebreathing apparatus am. in the low pressure chamber showec. a more rapid 
onset of fatigue than occurred with the controls. it 15,000 feet and at 20,000 

feet the fetigue was marked, as was the case with eccomnx.otl om. Here also 
the acministration of oxygem causec a ragid return of cmverging power 

Retinal Sensitivity: The Itelias neve laic consicerable stress upon retinal 

sensitivity fa thos men who must fly et night ami Licut.Reeves has devised 
a test for the emtrast sensitivity of the retine which has proven wost useful 
enc. practical. 

It is important that the retina be normally sensitive to light impres~ 
sions, especially for those men who :mst fly et night, notably bombers anc fliers 
Goin: >atrol duty. A test for the contrast smsitivity of the retim has prov 
most practical for our work on’ only wen who have normel sensitivity in this re- 
spect wil be selected for nicht flying. 

In this laboratory, tests to cetermine the threshole sensitivity for wiite 
and colored lights ené for contrast are condwted in we following; wenner: 

The Reeves wedge is made of tio »xieces of class at = know ongle, be- 
tween waiich is run a solution of seletine ant. neutrel dye. The weage is cali- 
brated in mae, which is translatable into per cent of light transmitted. 

To test the thresholc sensitivity to liwt the mbdject is Dlacec twenty 


feet franc spt of light, 3 iva. in Cinmete:. Volcing the wedge before tie right 


eye, he slowly crews the slide froin its cw... os. &s t.:9 light just Cisappears 
@reacing istaken. This reading is init. .f. 14 t.8a trenslated to yer cent 


transnission. 
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LZ. 

The threshold for color is taken the sano as the above, using rec ond 
green light which are vracticclly monochromatic. 

The test of contrast sensitivity is :ede with a Reeves' wedge and Reeves' 
contrast square. The contrast square is sede py placing a square of dark oroy 
paper upon a laryver square of lihter gray, there bein; thirteen perceptible 
cifferences between the two yapers. An illiterate "BE" with the sae percept- 
ible differences is used as 2 check of the findings. This is lishted by « 
75-\Vatt nitroeen dayli:ht lamp at 2a riven en ‘le and Cistonce from the test 


} 


object an¢ the subject is placed twenty feet in front of the object. The reac- 
ing; on the wedge is taken just as the contrast between the squares Cisappears. 
The averace readines taken with the contrast sensitivity square jive o4 m. 

and the illiterate “B' 32 1m. To cate, the noraal for the light thresnole of 


35 cases is 65 rm 


Uncer the rebreathing test tne threshold for light has shown an imorove- 


ment in 25.9% 44.5% show neither imsroveaet nor folling off ai. 29.6% show 
/ Je 


& fallin: off in sensitivity. 

In the study of the threshold for colors the patiann green both show a 
falling off in 71.4% and neither a gain or loss in 26.6%. . 

In former tests with a blue light which was not absolutely monochromatic, 
there was improvement in 66.6% and falling off in 33.4%. 

Aeco:xaodation test object: It has been important for our work to deter 
mine the best possible test object for determining the near point of accomnoda- 
tion, 

The object of these tests is to detexuine the eoidderative value Ff Volisus 
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13, re 
also imce to determine the ciffexence, if any, between a black am white cot in 


Cetermining the near point of emvergence, The objects usec in these tests are 


as follows: 


1. Radiating scuares. 4, Jaever type, No.l. 
8. Illiterate ‘EH’, : 5. Duene disce 


5. Number s. 6 Prince rule, 
{Two separate exeminations were mace for each test objedt. Twenty-five men 
were exainined am a generel average fave the following results; of ciffer ance 


in readings: 


Radiating scuares | 14 1/3 Me 
Illiterate "1 4 1/2 um 
lumber s | 5 1/2 ma, 
Jgaecer Wo.l, . Tew 1/2 ite 
Dune Cise 3 3/4 mis 


Tre Dune disc is the best test object forcererel use, It is foun, 
however, that during the rebroathing test, it 1s difficult for tite subjeot to 
caickly recognize the faint black line on the diss, ami the later readings are 
mot satisfactory. Tests of black end white cdots in finding the near point of 
co1vergence s.l0W nO @ preciable difference between th ai. 

aS Jaeger tyye is not standardized am as the ain ieee units should have 
sae standard in order to chtain uniform results, a plate has bem imde with two 
Sizes of stendard tyye. This tyve is mode a) of mixec. letters ori nuxbers. ihe 
sialler tye is 26 mm. and the larger .8,:m. so should the acoommodctiom fall off 
, late in the tests the larger type canbe sve, baye the letters is a black C.t 
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(14) 
for the use in determining the near point in convergence, thus 
climinating a certain amount of delay in changing cards during the 
test, | 

Astigmatism: The effect of lowered baromctrie pressure 
and lack of oxygen upon astigmatism has been tested id Several 
instances and so far no change has been shown in astigmatism due 
to lack of oxygen or lowered barometric pressure, 

Examination of the fundus during rebreathing and low 
pressure experiments: There has ie very little change noted in 
the fundus! appearance but at the end of the rebreathing run 
of above 20,000 feet in the low pressure chamber the retinal 
vessels have shown some congestion, 

Iris reaction che rebreathing and low pressure 
experiments: The object of these tests is to determine the change 
in reactions of the iris, and pupillary diamcters during rebreathing, 

Fiftecn men were examined for this eaupririent. and 
carricd from 18,000 to 28,000 fect, The changes were not altogether 
uniform as certain of the cases reacted more strongly to light 
than to accomodation and vice versa, Some changes, however, seem 
to be fairly constant, 

Below 10,000 fect no changes are noted, above this 
varying in different individuals as to height, there is an 
increase in reflexes for both light and accomodation, This holds 
until late in the experiment and then slowly diminishes, and if 


the subject is allowed to remain on the machine near fainting 


| point, reflexes are entirely abolished, The pupil slowly dia&ates, 


usually begining above 15,000 feet and remains so during the 


‘remainder of the experiment, If allowed to remain on the machinc, 


too near the fainting point, the pupil is quite widely dilated, 
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(15) 
‘i Effect of tobacco upon the eye; The problem, as taken 
up by the Ophthalmological department of the Medical Research 


Laboratory, Hazelhurst Ficld, was to determinc what effect, if 


any, tobacco has upon vision, °- ~ | aw emein som. GLine, Seti nal 


sensitivity, accomodation and convergence of habitudes and non- 
smokers, Although this investigation is still uncompleted, it is 
believed that a pre anane report is desirable, 

The wide-spread, increasing and unrestricted use of 
tobacco in the Army and Navy furnishes the practical incentive 
and justification for the investigation. 

Apparatus employed thus far, 

A. For visual acuity: (1) Ives apparatus at 20 feet. 
(2 ) Snellen test card, (Unsatisfactory and abandoned for this 
purpose ) Note; 20/20 vision is equivalent to 1.00 on the Ives 
apparatus, | 

B. For circulation effects: A standard sphygmomanometer, 
stop watch and stethoscope, 

C. Accomodation and convergence (Near Point) The 
Prince Rule with Jaeger test type and a 2 mm, black dot ona 
white field, 

D, Retinal sensitivity and contract sensitivity: For 
these Reeves photometric wedge was used, employed in such a manner 
as to blend within a period of 5-to 8 seconds, two gray squares, 
one within the @ther, differing from cach other in tint by 13 
pereontipic shades, The squares must be highly illuminated by 
a shaded nitrogen day-light lamp and observed at a distance of 20 
feet, 

Tests: 


Visual acuity: This was very carefully taken on the Ives 
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(16) : 
apparatus every four minutes during smoking, after having ode 
viously taken several preliminary observationsat two minute intervals, 
Where possible, control tcsts lasting a half hour or more were taken 
later in order to compare the regularity of the curves with those 
of the tests while smoking. Several observations were made after 
the subject had ceased to smoke, 

In all cases, vision was taken separately for cach eye, 
with the subject wearing his usual correcting lenses, Variation of 
the direction of the lines in the Ives apparatus was tried but was 
discontinued as unsatisfactory and the lines were maintained in one 
position during the test (gencrally perticety, This was to avoid 
variation in readings due to slight astigmatic errors. 

Blood pressure: This was taken every four minutes after 
at least three preliminary observations, two minutes apart, and 
was continued until the cigar was consumed with one or more final 
observations, two to four minutes afterwards, The systolic and diast0Ol- 
ic pressure was taken by stethoscope method,, 

Pulse: Normals and test observations at 4 minutes 
interval, 

Convergence and Accomodation: These were taken generally 
every ten minutes as was also retinal sensitivity to contrast. 

Results: OF sixteon subjects tested and their records 
charted and curves plotted, results are as follows: | 

A. Visual acuity: 12 (75%) showed a fall, the average 
of which was ,17, 

(Ives! apparatus) 

19% 

1. 6% showed a rise. 3, °-,. not changed, Amount of rise 


in one case, 


ih 2, Note: Curves showing both a rise and a fall are classed 


4 according to which predominates, A slight preliminary rise occurred 
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| (17) 
in nine cases, the dominant effect of which, Beet ox was a fall, 
the duration of lowered vision was very beeen lasting at most only 
a few minuted after cessation of smoking. / 

B,. Systolic and diastolic blood pressure: Both were 
affected and in general similarly, though not in eQual degree. Both 
showed a rise of 69% of. 16 cases, In 3 (19%) there was a fall of the 
Systolic and 4 (25%) of the diastolic pressure, The Uverage rise of 
the systolic was 9,3 Ti. , of the Mi eBtolic, pe The average fall of 
the systolic was 8 mn,,of the diastolic , 5.5 mm, Here also the effect 
was temporary, usually Lasting but a few minutes, 

C. Pulse: A rise in pulse rate was nearly constant, 

14 cases out of 16 ,(874%) showing an increase, the average of which 
was 14,3 beats per minute, Two cases showed a fall, averaging 5 
beats, | | | | 

D. Accomodation: Of 13 subjects, 5 (38%) showed a loss, 
This loss averaging 33 mm, Two showed an improvement averaging 12 mm, 
6 (46%) showed no change. Those showing the greatest lbss were 
presbyopic, 

E. Convergence: Of 12 cases, 50% showed more or less 
falling eri, 6 (42%) showed no change, One.apparently improved by 
10 mm, It will be seen that the effect upon Chee rece and accomo-_ 
dation was much more uncertain than in the cases of visual acuity 
and blood pressure. The same may be said for superduction and afrie- 
duction as ttested by prisms, 

F. Retinal contrastivity: The use of the Reaves wedge 
elicited no Bauben: under tobacco SO far as could be aev:ertained, 
except in two cases which showed a loss of 10 mn, 

Conclusions: Observations to date indicate that 


approximately 75% of smokers have definite though temporary effects 
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upon vision from a single cigar and almost an Dia proportion show 
a rise in blood pressure, while there is an increased pulse rate in 
nearly 90%. This effect is also conpores’: although John in 1913 
reported that the use of two cigars caused a rise of blood pressure 
lasting for two hours after the cessation of smoking. In 1907 
ae be found similar rpressure effects, Non-smokers have not, as 
yet, been tested in numbers to afford a report, Only one enters 
this series, He showed a fall of ,3 in visual acuity. Accomodation | 
Felli. off 15 mn. There was apparent reduction in retinal contrastiv~ 
ity of 1.00 mm, Some giddiness occured at 18 minutes from start, 
accompanied by slight nausea, 

| Aviation medical authorities in the war zone have 
remarked that aviators were using tobacco excessively, smoking while 
bin the air as well as Knhedmaveiy while on the ground, It has further 
been reported that soldiers on the Western front have frequently 
complained of night blindness. Some of these cases may be due to 
excessive tobacco, without the occurrence of a typical tobacco 
amblyopia, Practically the game results as Bave been obtained by 
smoking one cigar have been produced by the inhdation of one or two 


cigarettes, 
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PSYCHOLOGY DEPARTMENT 
SESS 


Part 1, The Relation of Psychology to the Aviator. 


The function of psychology in respeot to the aviator, is to study 
his adaptability to the work required of him, Assuming that the determin- 
able structural qualifications of the aviator are adequate: that his more 
mechanical physiological functions are satisfactory: it is yet necessary 
to determine the conscious or integrative action of his organism, with re- 
gard to the adaptations which contribute to the composition of a good flier: 
and further, his adaptability to one or another set of requirements for 
different departments of the flying work. 


Obviously, these determinations may be made by the trial and error 
method (which in this case is merely a survival method), and this has been 
followed to a large extent in several foreign air services, The candidates 
are roughly selected, and those who do not successfully adapt themselves to 
the general or specific requirements practically eliminate themselves. 

This method is, however, believed to be wasteful, and undoubtedly a more 
economical method can be successfully followed, 


The contribution which psychology can make to the efficiency ef the 
air service, in view of the foragoing, can be summarized under eight heads: 


1. The adaptability of the individual to the general requirements 
of the service may be determined, Some of these requirements may be snun- 
erated in a list not intended to be exhaustive. h 


I. Perception (inc luding discrimination). The ability to perceive 
accurately and quickly through the various senses (visual, auditory, tactual, 
muscular and articular, and visceral) which are important for the flier, 
depends not merely on the perfection of the sense organs, but also on the 
integrative action by which definite and useful perceptual reactions are 
achieved, 


II, Control of "voluntary" activity, i.e., of that activity which 
must yary in its expression according to the variations in the environment. 
Such activity is truly integrative, and is in general a part of the percep~ 
tual process, 


IIIl, Maintenance of equilibrium, and orientation. The complex mechan- 
ism by which the flier preserves his balance, and the more complex mechan-= 
ism by which he finds his way about, are so interconnected that they neces- 
sarily must be treated together, although the functions are widely different. 
To a large extent, these functions are automatic, (mechanical), yet both 
involve all the senses enumerated above and involve in both cases more or 
less integration of the nervous system. 


IV. Memory (in the sense of retentiveness) is dependent on conditions 
which are apparently in part constitutional, and in part subject to control, 
although the detailed basis of these conditions is not at present known, 
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V. Associative thinking, which depends on retentiveness and expresses 
itself in the various forms of judgement, inference, and decision is an in- 
tegrative function closely connected with perception, but by no means vary- 
ing directly with it in efficiency. It is becoming more and more clear that 
thinking, like perception, is a conscious reaction of the organism, and can 
be adequately treated only as such. 


VI. Emotional response. Emotions are directly connected with the 
driving force. of the organism, and are in the highest degree important in 
all mental processes, The Darwinian point of view of emotion (as developed 
~by James, Sutherlarid, and especially by Lange), that it is a bodily ( chief- 
ly viseral) condition or process, is more and more becoming indispensible for 
practical consideration of the emotional life, 


- VII. Attention, which is the direct expression of the degree am con- 
pleteness of integration, is of especial importance, Not only the extent 
to which the flier can subordinate all other reactions to the vital reaction 
of the moment, and the length of time during which the vitaly important de- 
tails of the situation which confrents him can continue to dominate his 
nervous system in spite of distractions (the power of sustaining attention, 
as we commonly express it); but also the proper balance in integration; 
(the power of attending efficiently to several distinct details in a si tuation) 
need to be studied véry carefully. 


VIII. Habit formation, or learning, which is the modification of the 
integrative system (it may be the modification of perception and motor con- 
trol, or of thinking processes) is a topic of especial importance in flying 
and is one concerning which psychologists have acquired a_large amount of ine 
formation in recent yearse 


A knowledge of the precise requirements for the flier in all these di- 
rections is yet to be obtained. Various opinions have been expressed as to 
the requirements, but psychologists are unanimously of the opinion that any 
conclusions in these matters should be reached by systematic observations. 
and experiments, In this laboratory, work on these problems is being 
carried on chiefly by Captain Stratton and Captain Bentley, who have so far 
attained results which are distinctly encouraging, but not yet in a stage 
where the communication thereof is feasible, 


2. The adaptability of the aviator to special requirements of the dif- 
ferent departments of flying work, The same work is not required of obser- 
vers as is required of pilots, and bombing and combat do not require exactly 
the same sort of pilot-work, The list of special qualifications will prob- 
ably gtow, as aviation develops, but so far little has been done in the way 
of determining and measuring the special qualifications. Major Watson has 
‘undertaken this line of work, and results will be forthcoming in due‘time. 


3. Special conditions to which the flier may be subjected, Probably 
the most important special condition is the combination of cold and low 
oxygen-tension encountered at high altitudes. While nothing has yet been 
done in the Medical Research Laboratory on the temperature problem, a great 
deal has been done on effects of insufficient oxygen supply. In addition 
to the physiological effects of asphyxiation, there are distinct psychologi- 
cal effects, thich have been carefully studied by the psychology. se¢tion, 
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Although we have recognized from the beginning that tests for asphyxia- 
tion effects, and the grading of fliers on the basis of their endurance 
of oxygen deprivation, are of minor importance as compared with tests in 
the other directions indicated above, (since the evil effects of the low 
oxygen tension of the upper atmosphere can in most cases be obviated by 
administering oxygen to the flier) nevertheless it was necessary to get 
this problem out of the way before other problems could -be attacked. 
Full details of the psychological tests and ratings for oxygen shortage 
are given in a later chapter, 


4, Deterioration, Assuming that the individual flier is fit for 
his job, and properly trained, we nevertheless find that he may suffer 
deterioration, both of a temporary sort, and of the more lasting sort, 
which is frequently designeted as "staleness", This fact that an in- 
dividual when in his best trim is a high class flier and efficient in 
his especial department of flying does not promise that he will remain 
such; the fact that an individual shows high capacity for endurance of 
oxygen shortage does not signify that he is in good flying condition, al- 
though it is known thab deterioration in certain conditions requisite 
for flying will reduce the individual's ability to withstand oxygen short- 
ALC. 


Although it is believed that in certain cases psychological] causes 
(worry, fear,) may be responsible for deterioration, there is probably 
a more important range of physiological causes operative. In all these 
cases, however, mental symptoms are produced, since it is precisely in 
the failure to integrate properly, rather than in specific failure of 
sense organ or muscles, that "staleness" shows itself, The discovery of 
the symptoms, and the development of tests which shall reveal them as 
early as possible, is undoubtedly one of the most important contributions 
psychology can make to aviation, since it is important that the symptoms 
be detected in the earliest possible stage. The task is being undertaken, 
and we have rrneason to be confident it will be successfully carried out if 
the work continues, 


From the foregoing presentation, it should be evident that a number. of 
diverse problems confront us. The requisite tests of general abidity, and 
of special abilities, must be worked out conjunctively, but are not capable 
of combination. Certain of these tests which are capable of repetition 
may be useful in determining an aviator's condition (for detecting deterio- 
ration), but the applicability of these or any other tests for deterioratin 
must be worked out independently. It is especially important to note that 
psychological tests for endurance of special conditions (oxygen shortage), 
if adequate for their purpose, cannot give any reliable evidence on general 
or other special qualifications, or on deterioration, 


Part II. Psychological Examination During Re-Breathing. 


1, The work on oxygen deficiency hs so far been prin¢ipally under 
the conditions estabbished by the rebreathing apparatus, ‘wiibh some check 
experiments in the low pressure chamber, With this apparatus, it is possi- 
ble to produce the oxygen tension in respired air equivalent to the ten- 
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sion in respired air equivalent to the tension for any elevation up to 
that at which the patient can no longer endure the deficiency. The 

hief respiratory differences between the rebreathing conditions. add 
those actually cbteining in the upper atmosphere are (1) the greater 
density, (2) the greater moisture (practically saturation), (3) the 
higher temperature of the air in the rebreathing machine, and (4) the 
method of breathing; through the mouth, with the machine. While it is 
possible that one or another of these differences (most probably the 
third) may make a difference in the case of prolonged holding of the 
patient at certain altitudes, for rapid "ascents" (i.e., pagsages from 
normal to low oxygen tension) the first two differences do not seem in- 
portant, There has been as yet no means of testing the contributory 
effect of temperature, and it has not .been possible to make a sufficiently 
thorough comparison of the effects of rebreathing with those of the low- 
pressuré chamber. The discomfort of the mouth breathing is undoubtedly 
importent in individual cases, and hensa interferes.:.. somewhat with the 
adequate rating of the aviators, but in the cases of experienced subjects 
is a minor matter and has no important bearing on the scientific conclu- 
s10ns, 


2- The psychological effects of exygen deficiency, The effects af 
oxygen insufficiency upon the psychological process have been from the 
beginning of our work studied empirically, with the least possible hypo- 
thetical guicance, A wide range of details of mental life have been in- 
vestigated, the order and method of investigation being practically di- 
rected By the working tests which were availiable or which we have been able 
to devise. Hence our results are capable of throwing a light on the funda- 
mental principles of psychodogy, 


The basic and important psychological effects of asphyxiation are on 
voluntary coordination and attention, Until asphyxiation reaches the stage 
in which the imbegrative mechanism is rapidly approaching the condition of 
complete unconsciousness, no effects are demonstrable which are not clear- 
ly the failure of the one or the other, or both, of these two mental factors, 
In the prefinal stages, perception is as efficient as the muscular control 
of the sense organs, and organs of expression, and the power to attend to 
the stimuli, permit, Discriminative judgment, likewise, shows no falling 
off in rapidity or accuracy except as impaired motor control and attention 
produce it. Memory, ,with "immediate memory", as tested by the ability to 
produce’ what has been pasceived or learned immediately before, and "trud 
memory", as tested by the ability to produce something which has been 
"latent" for a certain interval after being learned, are apparently not 
affected, except as the inability to attend to the details in learning 
or in reproducing, or inability to control the muscular mechanism of ex- 
pression, may enter, 


As instances of tests involving perception and descrimination, we 
may cite the copying of a list of work, and the translation of words into 
code, In both of these cases, speed and accuracy are maintained up to the 
final stages of asphyxiation, provided the muscular mechanism of accomo- 
dation and convergence are not seriously affected, although the mechanism 
for handwriting may be so affected that the written results of the list 
are legible with difficulty. 


’ ose 
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in more complicated discrimination, where rapid and aecurate recog- 
nition and classification of material and required, the results are 
Similar. Ability to remember and to chart correctly the relative spatial 
position of objects remains normal within the limits of ability to make 
adequate movements of the hand in charting. 


It is interesting to note that the sensitivity and acuity of the 
sense organs shows no consistent impairment, and that apparently the 
speed of simple reactions (the simple reactions do not in general require 
a high degree of integration), is not intrinsically reduced. More work 
remains to be done on simple reactions, however, before definite state- 
ments can be made. The distinctive effect on the nervous system, in 
short, seems to be a change in its integrative action, and not a change 
in the ‘arritability or efficiency of any particular part or units In 
this respect the whole picture of asphyxiation from a psychological point 
of view is strongly suggestive of the earlier stages of alcoholic intoxica- 
tion. 


3. There is some evidence that practice in enduring asphyxiation 
‘has value in increasing the efficiency of the individual under a certain 
degree of asphyxiation. Expressed in untechnical terms, the individual 
may learn to husband his resources, and by applying his capacity to the. 
tasks in hand, accomplish more, at a certain level than he could without 
practice, More definite statement on this point canndt be made on the 
basis of the present material. I is not possible that habituatim to 
the effects of alcohol (not to regular dosages) may be a help in acquir- 
ing ability to maintain motor and attention pr SEOAoney. in certain degrees 
of asph:rxiation. 


Training of another sort may also be advantageous. "Grit" counts © 
in the maintenance of efficiency, or rather, the maintenance of efficiency 
in the face of serious oxygen deficiency is "grit"; and if "grit" in one 
task or situation can be acquired or increased by training in other st- 
uations ( which is by no means certain), then such training is advantageous, 


4, The limitations imposed on psychological tests under oxygen de- 
ficiency by the practical requirements of rating, 


I. Tests must be single and brief, during progressive depletion of 
the oxygen supply. If many individuals are to be examined it is not prac- 
ticable to spend even several hours on each one. Hence it is not possible 
to hold the subject at a moderately high altitude such that asphyxiation 
effects will eventually appear. Nor is it possible to repeat a briefer 
test a number of times, Hence, the subject must be allowed to rebreathe 
rapidly (during not much over a half-hour, at most), to a low point of 
oxygen tension, reaching -his maximal altitude for that rate of "ascent", 
It follows that the method used must be one which is not approved for 
psychological work under other conditions, and which, for want of a better 
term is called clinical, This is, since the subject's condition is rapid- 

‘ly changing from minute to minute, the psychologists must be able to de- 
termine the psychological condition at any minute and cannot use the me- 
thod (more exact under other conditions) of determining the average speed 
and accuracy of work done during a period of several minutes, 
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Ii, Since the test cannot be repeated, it is important that there 
shall be little practice-effect in the work required, else the individual 
variation in rates of learning will prevent the fair determination of the 
relative suseptibility of the different subjects to the oxygen deprivation, 
whichis the sole point to be considered, 


III, Fatigue also, must be minimized, for reasons similar to those 
for minimizing practice, 


IV, It was early discovered, that under asphyxiation, as under al- 
coholic intoxication, it is possible for a reactor to "null himself to- 
gether" for a brief space of time ( a minute or even several minutes), dur- 
ing which his efficiency on a set task may be as high as (or even higher 
than) his norma}; at the termination of thetask sinking to a relatively 
low level of efficiency, If given a series of tasks, with brief resting 
intervals between, the reactor may therefore accomplish a performance which 
is practically normal, even up to a minute or two before the point at which 
complete lapse of integration occurs, In this way, his real psychological 
deterioration may be masked, It is necessary therefore to set a task which 
although minimally fatiguing, is practically continuous, allowing the re- 
actor no expected periods in which no work will be demande@ of him, and 
thus preventing him from making use of attention peaks, as the phases of 
“yulling himself together" may justly be called. 


In determining the sensitivity or acuity of sense organs, on the other 
hand, the "attention peaks" are precisely in order, and pause should be 
taken to present the stimuli at the highest peaks, 


¥. Many tests which otherwise would be applicable impel the subject 
(reactor) to hold his breath during the crucial moments of the test, The 
conventional steadiness test is of this character, If the reactor, already 
suffering from oxygen deficiency, holds his breath for 20 seconds, or largely 
reduces his breathing during that period, he makes an important change in 
his oxygen supply, @ change moreover which cannot be measured, Hence the 
purpose of the test is largely defeated, The steadiness test, and others 
in this class, which may show marked effects of low oxygen tension, cannot 
be used, 


VI, Although it is desirable that the test employed shall in some de- © 


gree correspond to the aviator's actual task in flying, it is important 
that it shall not use any of the movements or discrimination involved in 
flying, else it would be impossible to rate fairly both those with and 
without experiencd in planes, 


VII. A final compodte reason for using a "clinical" method comes from 
the need for rapid work. Graphic records might be employed, but would 
largely hinder the expedition of the work on account of the time and labor 
needed for their interpretation, Moreover, in such rapid work, fineness. 
of gradation in rating would be seriously misleading, hence the greeter 
exactness of graphic methods would be largely specious. For experimental 
work the matter is entirely different, . 


4, In addition to general limitations of method and apparatus due to 
necessary working conditions, there are specific limitations imposed by the 
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rebreathing apparatus and the cardiovascular work which must be simulta- 
neous with the psychological, 


I. The reactor cannot speak, on account of the mouthpiece, This ix- 
cludes such tests as the association reaction, which otherwise might be 
highly useful. 


Il. The reactor's head movements, are narrowly limited, and his field 
of view correspondingly restricted, This is not a very serious limitation, 


III. The blood pressure, which is taken throughout the test is taken 
from the reactor's left arm, This further limits the reactor's means of 
empression to one arm and his feet, 


5, Apparatus for the Standard Test, The apparatus used for the 
psychological tests consists of two groups, a and b. The a group includes 
a number of pieces assembled on a "John Hopkins" table, adjustable in 
height and slope, and swinging on a single heavy post mounted on a cast- 
iron base, This table is designed to furnish a sufficiently rigid mount- 
ing, and at the same time give greater convenience than could be afforded by 
a table with legs, 


(a) The apparatus mounted on the table form three separate units, 
(1) a series of fourteen stimulus lamps (2c, Pp. ) arranged in two rows 
of seven each, with two similarly arranged rows of contact buttons; each 
surrounded by a washer; a green check lamp and a red error lamp; and a 
stylus with a hard rubber handle and metal tip, These parts of the unit 
are so wired electrically that when a stimulus lamp lights, the correspond- 
ing contact button is "alive", and if touched with the metal tip of the 
stylus causes the check lamp to light, If the washer surrounding any of 
_ the buttons is touched with the stylus at any time, the error lamp lights. 


(2) Twd ammeters, mounted on a metal arm above the table top are 
connected in series with two rheostats, one on the upper side of the table 
top at the edge nearer the reactor, the other underneath, at the edge 
nearer the psychologist. One ammeter faces the reactor, the other the . 
psgchologist, A change in the resistance made by the psychologist at 
his rheostat, causing a change in the ammeter reading, may be compensated 
for by a chamge in the reactor's rheostat, by which the original ammeter 
reading may be restored, 


(3). A small electric motor, mounted on the upper side of the table 
top, is connected in series with a third rheostat underneath the table, 
A twoeway lever switch mounted underneath the table at the edge next to 
the psychologist, and a rocking pedal two-way switch on the floor under 
the table are connected with the rheostat by a three-wire system, so that 
a part of the resistance of the rheostat can be cut out (thus increasing 
the speed of the motor) by.either switch, and again cut in (thus restoring 
the lower motor speed by either switch.) 


(bp) ‘The second group of apparatus, on a small table in any convenient 
part of the room, consists of either a button board, having fourteen buttons 
corresponding to the fourteen stimulus lamps; or of an automatic distribu- 
tor which lights the stimulus lamps in selective order and times their 
Guretion, With the button board an automatic flesh-timer may be used, re- : 
Bu484 
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quiring an assistant merely to select the buttons: or the assistant may time 
the flasher with a stop-watch as well as select the buttons, 


The a and b groups of apparatus are provided with transformers to adapt 
the electric current to the 2 c.p. lamps, and are electrically connected 
with either and with the source of 120 volt a,c, current by flexible cables, 


6. Method of conducting the test, The rebreathing machine should be 
adjusted by the physiologist to give a "standard run", which will vary in 
time according to the individual and his method of work, but which will 
bring a reactor of the A class to 7% of oxygen in 25 minutes on the average. 
Por this standard run, the quantity of air in the tank at start is - liters, 


The reactor being seated in proper position before the @ apparatus, 
is given the following instructions in printed form: 


Instructions 
READ CAREFULLY 


You have three things to do: 
l. LIGHTS 


When @ light flashes, touch with the stylus the top of the corre- 
sponding button, Do not touch the washer, 


Ce AMMETER 


Watch the ammeter and by adjusting the slide of the rheostat (using 
the right hand) keep the ammeter at the designated mark, 


errs MOTOR 


Keep the motor at low spped by maintaining the proper positions 

of the pedal, When the motor speeds up, push the pedal from 
whichever position in which it may be (heel down, or toe down), 
into the opposite position, and leave it in the new position until 
the speed again increases, 


Notes: 

(a) Ehe lights are of first importance, i.e., if a light 
appears when you are réacting (or about to react) to 
the ammeter-hand, react to the light first and then go 
back to the rheostat. 

(b>) When you touch with the stylus a contact-button corre- 
sponding to a light, the movement of hand and arm should 
be a "free" one (neither arm nor hand should touch table, 
rheostat, or board), The hand may, at other times, rest 
on the slide of the rheostat,. 

(c) Do your work with ACCURACY, NEATNESS, and PROMPTNESS, 

Do not bang, slam, or jabe 


While the reactor is reading the instructions, the psychologist is 
ready to explain any detail of the apparatus or method in which the re- 
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actor may show interest; and after the reactor has finished, the psycho- 
logist further explains the procedure and verbally emphasizes the im- 
portant points in the instruction. 


When the rebreathing machine is ready and the blood pressure re~- 
corder has secured the requisite preliminary readings; the mouthpiece 
and nose-clip being in place; the external opening of the mouthpiece is 
closed by the responsible clinician, and the test commences, The psy- 
chologist, and all others concerned in making the test, start their 
stop-watches at the moment when the rebreathing commences, The psy- 
chologist should record, if possible, the time which elapses between the 
insertion of the mouth-piece and the commencing of the breathing, unless 
a regular routine for this time be adopted, 


During the fiirst three minutes of the test, the psychologist coaches 
the reactor, if necessary, and estimates his comprehension of the task 
and instructions, his power of attention, and his composure (freedom 
from excitement or nervousness), entering these on the record sheet then 
or later as good, fair, or poor, He should also note the motor tendencies 
of the reactor, and if these fall in one or more of the following cate- 
gories, this also should be entered: 


MOTOR TENDENCIES (Angier) 


To be put on original record sheet at bottom; on official sheet 
under general impressions 3 psychological: on psychology record 
card, under notes: 


(1) Tremor 

(2) Tense 

(3) Impulsive 

(4) Steady 

(5) Rapid 

(6) Slow 

(7) Hesitant 

(8) Accurate , 

(9) Inaccurate 

(10) (Combinations of above) 


Enter merely the appropriate type word on words: it is not neces- 
sary to wite "motor tendencies", 


In addition to these general tendencies, it is important that the 
paychologist take notice of the specific tendencies shown by the reactor,. 
and if definite types of error are shown, watch during the succeeding 
five or six minutes for improvements in these details. In this way, the 
int eng "A" getermination described below may be accurately noted as. 
deterioration from the normal proficiency of the reacter, and not as 
Failures with regard to an aosolute standard, This is important, si nce 
the rating on these tests is valid only as an index of the effects of 
asphyxiation, and not as an index of efficiency or inefficiency in any 
other respect. The comprehension, attention, composure, and motor enteries 
are, however, worth recording, sn order that this data may be used later 
for purposes other than oxygen ratinge 
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Normally, the test continues until complete inefficiency is reached, 
at which point the psychologist must sharply notify the responsible med- 
ical attendant in order that the reactor may at once be given air, and so 


prevented from undergoing the collapse which would ensue in a minute or so, 


The recognition of complete intfficiency is a matter on which the 
psychologist must carefully train himself, In general, it shows ina 
definite way as described below, but may show on forms which are readily 
recognized by the trained observer, but described with difficulty, 


In many cases, the responsible medical attendant will find it neces- 
sary to stop the test because of dangerous cardiovascular symptoms, be- 
fore inefficiency is teached, 


In commencing work on the reactor, it is advisable to allow him to 
react to the lights alone during the first minute, and add successively 
_the changes in the motor noise and in the ammeter readings, He should 
be working on all three tasks by the middle of the third minute. 


In observing, the psychologist meeds to attend es constantly as 
possible to the behavior of the reactor, and hence must reduce the labor 
of recording to a minimum. For this purpose, and for the purpose of 
standardizing the method of observation, the following symbols have been 
adopted: 


SYMBOLS AND THEIR SIGNIFICANCE, 
——} Rebreathing starts. 
\A/ Work begins, 
X7 First Significant effects on "voluntary co-ordination", 
"fumbling"; clumsy; inaccuracy in touching targets. 


"groping"; approaching target with corrective move- 
ments. Usually a compensation for ° )e 


Increased "effort" or force in applying stylus to 
targets. | 


“4 Decreased effort, 
es 
"Impulsive" or uncontrolled movements: 
| a, on the outward movement; to the target, 
b, on the return movement, 
> Slowing of reactive movements, 
F speeding of reactive movements. 
XY First significant effectson "attention", 


df "Distraction" from lights, neglects lights, 
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Af- v Neglects lights for voltmeter, 


/ (Contraction for afl). Reactor delays initiating 
stylus movement so long that he fails to light check lamp, 


Hf Reactor delays so long that he touches the target, 
after light has gone out. 


My Reactor starts movement after light has gone out, 
//// Reactor makes no attempp to initiate light reaction, 


dr "Distraction"” from the dial; neglects to note and adjust 
the position of the index hand, 

etvy|"Di straction"” from the noise; neglects to control the 
speed motor, 


NOE ae Confusion between rows of lamps; but finnaly touches 
the right target, 


4) Confusion between columsn of lamps; but finally touches 
=. ‘the right target, 


Jagd /serecting target in wrong row, 
wart Selecting target in wrong column, 


——— 
Wv Wrong direction on the dial, 
Vw Wrong shift of pedal, 


Y Two of the symptoms, ? F 4 ; it and i repeatedly. 

In certain cases, exaggeration of one, Ss 

AN) Two of the symptoms, df, dy» dns IW foe Sotee phi ‘ 
In certain cases exaggeration of one, ha 

@) “Inefficiency”, Inability to control any of the three 
tasks, The reactor sometimes stares at the lights with- 
out making my attempt to touch the target; or makes 
merely irrevelant touches, Completely disregarding L 
and N, Sometimes he develope severe tremors or jerks 
which render it impossible to work, Occasimally a 
reactor develops unique symptom at this point. 

*K Breakdown, Reactor ceases to work and commences 
to collapse, This comes very soon (30" to 2!) after 0 
is qualitatively a much more serious conditions 

\ Reactor "taken off", Air or oxygen given hin, 


ADDITIONAL SYMBOLS FOR SYMPTOMS WHICH MAY BE OF DIAGNOSTIC AID, 
Ven Tremor of the hand, 
hdd eri nas of the hand, 


H Swaying or drooping of the head. 


ue Taps button more than oncé. 
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IX Rests hand or fingers while touching button, 
K Keeps stylus on button after making touch, 


In general, the "arrowheads" (V) and "diamonds" (<>) are not 
inserted until after the test is finished, 


On the completion of the test, the entries on the record sheet 
are completed, and the material is now ready for mating, which is done 
on the following basis: 


RATING SCHEME, 

1, Take 25 minutes as the standard duration of a run, If the 0 
or X appears before the end of 25 minutes, debit one point for each 
minute; similarly, credit one point for each minute in case 0 or X 
appears after 25 minutes, : 


2. Assume as a standard of altitude 7% of oxygen for O or X. 
Debit or credit one point for each 1/10 of 1% 


3, As in the case of 1, take 25 minutes as the standard time for 
the appearance of both of the two diamonds. Debit or credit one point 
for each minute as above, ; 


4, Assume 15 minutes as the standard time for the appearance of 
both the two arrowheads, Debit or credit for each minute as above, 


5, If the record of the subject tested be such that either arrow- 
head or either diamond cannot be entered, compute the symbol in question 
as if it fell at the point of O, (or X, if O be not reached; see para- 
graph 6, below), 


6, Add the debits and credits, and assign to class as follows: 


Ser igre, O70 Ciaesci st 
O see -12 Class A- 
~12 ye. -30 Class B 
=30 ere @H Class C 


7, Where an oxygen tension of 8% or less is not attained in less 
than 30 minutés, a grade above B shall not be assigned. For runs reaching 
a low percentage (below 7%) in less than 22 minutes, discretion may be 
exercised in debiting for earliness of symbols, Such short runs @e es-~ | 
pecially to be avoided if possible, 


8, For a definite rating 0 must be used. However, in case the. test ° 
was stopped by the clinician without reaching 0, the tentative rating may. 
be computed from X, If this tentative rating is A, it is to be entered 
as such. If, however, the tentative rating is of a lower class, it is to 
be entered with the addition “or higher." This phrase"or higher" shall 
always indicate that the reactor was removed Before reaching (Q), and 
not at the instance of the psychologist, It is not to be entered in 
any other case, aes 


On first glance 


» the rating scheme seems 


to be based on time rather 
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than on exygen percentage, but this is only apparent, If every reactor 
was run through at the same rate, for example a rate of oxygen depletion 
at which 7% would be reached in 25 minutes, it would be immaterial 

whether the oxygen perdéentages or the times at which the arrowheads, 
diamonds, and circles are reached should be used, since there would be a 
fixed correspondence between these. Since rates vary in accordance with 
the individual rates of oxygen consumption, and since a faster rate enables 
the reactor to reach a lower percentage, and a slower rate brings in- 
efficiency at a higher percentage, it is necessary to make allowance for 
the variations in rate, This can be done either by computing in oxygen per- 
centages, and then making a correction for the time, or more simply, as 

in the scheme actually employed, by computing in times, as if the oxygen 
change followed a line of the same slope in each case, and then correct- 
ing for deviation from this slope in terms of the final oxygen percent- 
ages reached, 


The reting scheme is adequate to classify the reactors in the four 
groups (A«plus, Aeminus, B, and C) provided the psychologist who does 
the ebserving also does the rating, and exercises due judgement, based on 
his general observation of the reactor's work, in rating those cases which 
lie naar the limits of the several classes. The scheme should be an 
assistance to the psychologist's final judgmenb, not a hampering condition, 
although the most satisfactory results will be obtained by relying on it 
very substantially, 


7. The chief difficulty with this method. of testing is in the heavy 
and exhausting labor entailed on the psychologist, Necessarily, his 
attention is kept at a high level throughout the test, and it has already 
‘become evident that a full daily program will not be psessible as a con- 
tinuous thing, It is hoped that it will be possible to supply two psycho- 
logists with each testing unit of which heavy duty istequired, in order 
that they may relieve each other and maintain the efficiency of the unite 


8, In making the test, dilligent care must be exercised to prevent 
the reactor from being anxious or alarmed as to the experience he is to 
undergo. Hence no remarks must be made in his presence as to danger or 
serious discomfort, and if necessary, assurance should be given that the 
test makes no great demands on the reactor, It is also important that 
instructions be #iven in a routine way, the same for all reactors; other- 
wise the purposes of the test as a relative rating scheme are in part de- 
feated, 


The temporary physical condition of the reactor is also a matter which 
should be carefully considered, Loss of sleep, worry, dissipation, or 
other causes which reduce general resistance are apt to reduce the capacity 
for endurance of oxygen deficiency, and produce an earlier onset of psy- 
chological inefficiency than would occur under better conditions, 


On the other hand, the reactor may be in bad shape phsycially or 
mentally (from worry, etc,) and yet make a very good record, One reactor, 
for example, who made an unusually good record, with fine motor control 
and efficient attention down to a low percentage of oxygen, had had but 
a few hours sleep in 48 hours, felt in "rotten" shape, and expressed him- 
self anxious to come back when he felt better, "to see what he really 
could do on the test". 
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In short, the test gives a measure of endurance of oxygen deficiency 
solely, and while this endurance may be affected by .a variety of £actors, 
it gives no measure of these factors, 


9, Some incidental results of the work on rebreathing, It is app- 
arent that a great deal which has come to light an the course of the work 
will be of value for work more or less closely allied, Findings in re- 
gard to the precise effect of oxygen shortage, and the concealment of 
these effects through "attention peaks" point to an application, with a 
possibility of clearing up certain puzzling results of earlier work. The 
sameapplication may be made in studies of fatigue, in which in the past 
no great success has been attained with psychological tests, Alcohol 
oie jeg effects may also be attacked anew in the light of the present 
work. 


The relation of certain emotional states to systolic pressure has 
also appeared in an intersting way. The conspicuous thing which has come 
out is that apprehension: the feeling which can be described as "now we 
are off: I wonder just what will happen to me" » is associated with a 
temporary rise in systolic pressure, Ohservation in these effects in 
rebreathing led us to experiment with various expected stimuli (pretended 
doses of drugs, threatened stimuli of undescribed kinds) with quite uni- 
form results, Where fear enters, the systolic rise tands to be sustained. 
Lieutenant Bagby has begun an interesting series of observations on the 
systolic effect of announcing to cadets, waiting on the field for instruc- 
tion their turns for flight. It is possible that very practical results | 
may be obtained in this way, in information concerning the temperament 
of the cadets, 


Part III, The Psychological Qualifications of the Flier. 


It was pointed out above (Chapter 1), that the flier needs not only 
to fly, but also needs to be able to perform definite tasks -- observing, 
signalling, operating a machine gun, etc.e= without which the ability to 
pilot a plane would be of little miditary use. It is desirable therefore, | 
to determine, in so far as it may be possible, the aptitude of the candi- 
date for the acquisition (in the ground school) of the fundamental train- 
ing which may fit him for the required range of work, and to determine his 
capacity for learning and performing adequately the tasks for which the 
ground school work is intended to fit hin. 


To a certain extent, a survey of the candidate's school and college 
training is a means for the determination of :. his possibilities, since 
the specific sorts of training he has already received are thereby revealed, 
and since, moreover, such schooling is in itself a process of elimination of 
those who are not intelligent and adaptable, This method of determination 
might well be supplemented by "intelligence tests" of the customary type; 
but even these ddditions would not take the place of specific tests of the 
functions which are known to be important inf lying. 


The important problem is the discovery of the tests which shall be 
practicable, The plan which we have followed in this work is, first, to 


Bea484 , , 5al4 


I 


nvceiibtil neal ae avicone “ba 
vad oe te Big ONS Saree 


PHN 


NE OI EO, geraeta alel | 
ROT Ah, mae Rae se: igiifiente 4 a) SEE 
Ros devant pasion gett BA Warmed: aaty) ‘te wadrinty oxit oF by i 

ol GENO et Dawah Ea aay) ail ‘ant goles: sandler tynordd adoptte waht 
ial eet vation ACN | Oa Heat anit buon haere pr antral ys Soysteh 
| es malt see deel re ‘4 AREA'S ty ao hE B: nS shar sd gain Hoss aoRL . 
toate: wena daukyad mater ae gihin bensette mood eat oRboaue pan on | 

hs iy bi hist Me €hiercuin? mid ins weir bariass0 0 OH Gate: “ey bebadicos arts 


* tse: ae yee ‘ieee te, ation. oe Oo hey | abe eb 20; Ft 01 io ee is 


{ » 


wart one dong ‘pitoabes os none: depot: tateate) ‘her pene od 
eT ge oad Rite Retin BROwO LOGE wT ‘g Neaiy giréd awadend way ne Hew 
OF OR Ae SOME Ne ime) eae steely Mikio Hal eiol arene Maas 
QL boda bea a ais a: Tg tek avert ADAP the rte ao 8 
‘ine bles 18 ond SE moltewnp ade |) enuaaare oLindwen a8 any atmo _ 
Ales iy) AT dy bodowy xe ged cay? Udiw dreabredis O¢ ary bot ‘pice send ry: 
cm Breer hut bony ott bie Ce birt: SOS iets her i Fe ‘DberOtoeent 19a0h + 
HOt hae Oe ON what wee OLLodwie ode yeni siao% doeee setiuae. POL 
oe met hr apade. Yo. sulyay Saitvovetnt na obged: aed ydaol -canrstivee 
wmatdend wD KEEL vader do Sutiier -ohheo-o¢ sabonzomna to dos Tie oife: ES og 
wt Lok ary daoitoamy yi J add, sitiieghainkcd Of AL eile lt otk bate aboaty eS ae 
a aia a a uk Dsinaidbihiaatiad isatriniiily sen hin Vana rapier nk hanietds ad y 


A me sete deh 


“naa ei a6 sinntdan i etand Resign. act VEE: cae 
wie pie aban nose oa ‘ba hh nednaniO}, oho hwo ‘pate pa 
rahe eid mA ROAD i yO he: meno id, bees ed oh aban: pet ode i 

| Oe Ne Pili i lh ate Sanwabt ey aw te (ee oo ielakin ie Qinthe Tere | 
PO DOA) Lol tm anh why dE apes YMMES tea OLaeeg to od blivew enaia: ie 
i BRS td Ron gia bte a: old etidbseog wd yam AE ae matt ome at eneteroseh 
pe DL abrewinehen yak ‘be, (domrion, Danson | Ont. suk} wobdd a dijon whe te 
Eel ee Laer els. oh bana siopcie 40 eat berdpey bial Nom ott ‘wo it ah 
iF sind ‘hot obi, en iinet ond ‘yhavaupebs: aseliw 


aint ate bol epreta 


oor pon ny wae | ounce es evr aie we rk | 
wees a qmend ens NRA RO. tbe 5 Mons Da apnea oni | 
sho Liavan weiner aha, Be cwelmre | | 

Te sot dam tal a ae, Beshorg “Weddd 
| HOLA Leora dehy to: lbertem eubat! gia 


3 


A en jock eta cl 1 ero oT 


ay) 


develop tests which promise to be applicable to the aptitudes it is de- 
sired to investigate; and second, to give the tests so developed to a 
large number of fliers whose actual flying ability can be definitely known, 
By comparison and corrwlation of the results of the tests with the actual 
efficiency ratings of the fliers, it is possible to determine the applica- 
bility and usefulness of the tests, In some cases the development of the 
test itself is a difficult experimental undertaking: in other cases, the 
tests are casily obtained, requiring merely the application and correla- 
tion, 


Evidence of flying ability is obtained, for the purpose of comparison 
with the results of the tests, from the men who have trained the fliers 
tested, and have observed their individud progress in the work of aviation, 
The value of any test of a specific function which may he important for 
avaiation must ultimately rest solely on this comparison, No theoretical 
considerations of the qualifications of a flier can be substituted for the 
empirical determination of the relative flying abilities of men differing 
in respect to the qualifications in question, 


Experimental work on the problem of flying qualifications has been 
done at San Diago and Berkeley (Captain Stratton) and is in progress in this 
laboratory, Some of the points attacked are: 1, Reactionto auditory, tac- 
tual, and visual stimulations, and to changes of position of the body, 

The time required for reaction to the stimi.li of the sorts mentioned is 
measured, and the individuals are rated on their average reaction times of 
each sort, end tneir variability. While nothing important is to be expected | 
to result directly from the measurement of the simple reaction times to 

sound light and touch, even the negative finding, if it occurs, is important; 

2. Discrimination time: (The time required to discriminate accurately | 
between different stimuli, suddenly presented, 3. Association reaction ; 
time: (The time required to reply to a spoken wor with another word which 
is related to the stimulus word in a prescribed way, For example, nouns | 
may be given , and the reector required to respond in each case with an ad- | 
decttys appropriately nodifying the noun: or verbs may be given, and the } | 
reactor required to respond to each with the name of an object appropriate 
for the action indicated by the verb, In this work, the time is measured, j 
and the appropriateness or accuracy of the response is evaluated as well, 

4, The rate at which a person can learn a certain complicated muscular 

coordination involving the hands and feet in somewhat the way required in 

piloting a plane, 5, The sensitivity to gradual changes in the position 

of the body in horizontal and vertical planes. Several important researches 

are in progress on points connectcd with the analysis of the highly compli- 
cated psvcho-physical mechanism involved in the maintainence of equilibriun. 

6. The capacity to acquire certain simple forms of dexterity. 7, The | 
temporal end other conditions of the appearance of the signs of fatigue, 


There ar® clso in progress experiments on orientation (Captain Bentley): | 
the ability to find ones way about, and to know from moment to moment and 
from position to position, the direction and distances of important near 

and far features of the environment, This may readily be granted to be a 
topic of the highest importance for aviation, although the various tests 
which are being developed are not yet in the stage of application to avia- 
tors, by which application only, as indicated above, can the practical value 
of the tests be determined, 
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The foregoing ennumentation by no means exhausts the immediate 


possibilities and needs of investigation of the points of general and. 
special fitness and adaptability noted in an earlier summary (Chapter I.). 
Nor does it include all the work on these topics which is under way in 
the psychological laboratory, It indicates however the scope of the work. 
in the direction of classificatory tests, and together with the preceding 
statements will serve as a guide to psychologists in the various fields 

in observing fliers and flying conditions, and collecting information 

useful for further development of practical aid to the service, 
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Department of Neurology and Psychiatry. 


The work of this Department touches the Aviation problems at three 
vital points; 

(1) by the detection in the aviator of symptoms of nervous and mental 
diseases; 

(2) by the recognition of latent trends of temperament which, if not 
recognized in time and treated rationally, increase the liability of the 
flier cither to become inefficient or to lose morals and esprit de corps 

and (3) finally by supplementing the information already obtained in 
other Lepartments in regard to the aviator's potential flying capacity 
with additional data bearing upon his temperament arntpersonality. This 
knowledge to be used in the selection of fliers for special tasks.e 


The examiner should keep constantly before his own mind the fact 
that the chief purpose of these personality studies is to determine the 
fitness of an aviator to withstand the nervous strain of flying at the 
front, For this reason although clinical methods of examination are used 
in taking these histories they should not be judged by ordinary clinical 
standards - as the purpose is not to carry the analysis of the aviator's 
personality further then is necessary to estimate his potential as a flier 
under war conditions. 


The chief Sources of Information for date upon which judgment of the 
personality is based are (1) the aviator under examination, (2) other 
Departments in the Laboratory, (3) the Flight Commander and (4) the Flight 
Surgeon, A spirit of sympathetic cooperation is necessary in gathering 
this data and neurologists and psychiatrists should remember they are attemot- 
ing merely to supply some of the links in a relatively long chain of evidence, 


In estimating the nervous capacity to withstand strain the examiner 
should give particular attention to the following points:- 


(1) What were the chief reasons influencing the aviator in choosing 
this branch of the Service. Did the love of adventure, desire for independ- 
ent action, or interest in machinery; or a combination of all these elements 
enter into the decision? Does he feel that he is making good and is he 
satisfied with his original decision? The statements of experienced aviators 
show how much successin flying depends upon making that particular decision 
clean cut and then accepting it as final. Indecision, a sense of inadequacy 
or idle regret at having chosen work for which he is not fitted temperament ally 
may lead to a chain of symptoms culminating in a psychosis or psycho neurosis. 

(2) Impressions of the aviator's readiness or disinclination to face 
difficult situations fairly and squarely should be recordede Evidence of a 
tendency to dodge critical events in life, a habit which if not corrected » 
may become the starting point for morbid fears and obsessions, should be 
noted. An experienced and daring aviator may lose nerve suddenly as the re~ 
sult of not having definitely settled some relatively trivial event of a 
personal nature. States of irresolution and doubt as well as compulsions 
antagonistic to efficiency often develope out of buried mental complexes. 

(3) The question should be asked whether the members of the immediate 
family approve or disapprove of his flying, making it easy or difficult for 
the aviator to devote his entire attention to his work. 
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(4) Notice should also be taken of the occurrence of nervous or mental 
disorders in the Family History. 


Associated with the effort to present bricf records containing only 
the essential facts in each case, there should also be a clear apprecia- 
tion of the number and variety of factors which may affect the behavior 
of the aviator. Each analysis should be based on the consideration of the 
active forces influencing behavior in critical situations. The restriction 
of the investigation merely to taking a cross section of life ot any single 
level in the lifecurve is not sufficient, -Remotely antecedent events in 
life such as attacks of disease, accidents, circumstances giving rise to 
bad habits or poor educational opportunities may have a direct practical 
bearing on the performances of the aviator in a plane. 


The following cases are cited to illustrate the advantages of a very 
brief summary of the Life History.. 


Case 1. Personality rating "A". No indication that he will require 
any special attention nor be predisposed to collapse 
under strain. . 


lst Lieute Asdedele 


Aviation History:~ No "repeats" in Ground School, Li-+ 
censed pilot - 80 hrs. flying to date - no accidents. 


Personal History:= No serious illness, nor accidents. - 
Public School education, not College graduate. Has 
worked hard for living and enjoyed it, No grouches. 
Normally optimistic. Advised by his Captain in Infantry 
to transfer to Aviation. Glad he did so, enjoys flying - 
feels he is making good, 


Physical Examination;:~ Height 5 ft. 6 in. - Weight 132 - 
Age 23. - Nothing abnormal. 


Tests (low-tension):- Very good. - "A", 


Personality Study:- Stocky muscular type - Look steady, 
countenance cheerful - but not over-emotional. Activity 
good, discipline, good - willing to take chances if 
necessary - Stability under strain probably escellent.- 
Good judgment, 


Case 2. Personality rating "B". Safe if watched for development of 
nervous symptoms. 


Flying Cadete AsSeSiCe 


Aviation. History:= Ground School, difficulty with wireless 
(has poor musical sense) 8 hrs. flying to date.- No 
accidents « 
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Case 3. 


Personal History:- Nothing of importance in family history 
except “Mother worries greatly about me" - and writes to 
him on this subject. 

College graduate (4 Yrs) Harvard A.B. = 
Worked his way through College - and has also worked in 
munition factory - No pronounced reasons given for choos- 
ing Aviatione - Unmarried, 


Physical Examination:-~ Height 5ft. 6 in. = Weight 140 lbs, 
Age 24. O Nothing abnormal noted, 


Tests (low-tension):- 


Personality Study:=- Short well knit, regular features, mo 
bile, expression tense but under control, anxious to 
understand and please - Manner tense and high strung. 
Keen sense of responsibility.. - Ambitious and keenly 
interested in his work, but inclined to take even tri- 
vial events too much to heart. - Will do his duty but 
needs careful watching when he gets to the Fronte Should 
be watched for signs of staleness, or beginning nervous- 
ness, loss of sleep etc. 


Personality rating "D" Probably not safe if flying at the 
Fronte | 


ee: 


Aviation History:- No trouble in Ground School - Work in 
Ground School described as easy. 


Personal History:- Bright at book-work - high strung always, 
exceedingly popular with friends - Has had most of 
children's diseases, no commlications nor accidents. - 
Great interest in athletics - Public Schools & College.- 
Entered service from Junior Class. - Unmarried, 


Physical Examinations;:- Very active knee-jerks. Pupils show 
secondary expansion, after dilatation. Height 6 ft. 
Weight 155. = Ape 24, . 


Tests (low-tension):- 


Personality Study:- Decidedly self conscious ~- slightly 
aggressive manner - very high strung and over emotional, 
Lacks normal subjective feeling of fatigue after hard 
exercise. - Talks a great deal and rapidly. - Gives the 
impression of working under great pressure. Is decided- 
ly nervous and lacks voluntary control of expenditure 
of energye Reserve store of energy limited. - Would 
probably not stand strain of active service at the Front, 
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Accompanying each History a Personality Summary is made on a separate. 
slip in order to present the essentials in as brief formas possible for 
the use of the Commanding Officer, If more detailed information is required 
this can be obtained by reference to the Laboratory recordSe 


PERSONALITY SUMMARY. NO. 


Hazelhurst Field, Mineola, N.Y. 


Aviation History:- 


Personal History: ~ 


Physical Examination:- : 


Tests (low-tension):- 


Personality Study:- 


Persona lity..cecescececsoes 
Rating:- 
Tests (low-tension):- 
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A summary of the cases Already examined in this Department 
with an explanation of ratings follows. 


The object of the PERSONALITY STUDY is to determine; 

(1) whether neuroses or psychoses actually exist or 

(2) whether there are any indications in the tempera- 
ment or personality of the aviator suggesting 
that tendencies now latent under the stress of 
war conditions may give rise to symptoms of ner- 
vous shock diminishing efficiency and impairing 
morale. 


Personality; 
"A" ; = Safe. Nervous and mentally stable. 

"B" °:; = Safe with limitations. 

"Cc" ; = Questionable, no definite conclusion reached. 


"pD" : = Needs Special attention, 
"HU; = Unsafe. 
Not rated. 


Tests (low-tension): 


"a" . —~ No restrictions. 

"BN +: + Should not fly above 15,000 ft. 
"co" : = Should not fly above 8,000 ft, 
"D" « ~ Should not fly at alle 


Personality Studies; 


HE 8 ee ess ress ont fd AB. 
FACE Be eee tim emer ene 29. 
FeO we meat inn =» IG% 
5 A ATTA 9 oe ap lease ar 5 hs 
Rea ements ee winnie rae 
Re, CAGE... ob enw mwas enorme e 18, 

Total lll, 


Lowatension Tests: 


Rating "A"; e-weenn wenn ee 
Bi ee eg aes ein 26 
Rating "C" 3 ------------- 14 
Rating "D" os wannnennnnnne rs 
Not rated  Famcattah vie obticno wht cs is - 38 

Total Lil 
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Agreement, personality rating & tests: -- 56 
Non-agreement personality rating & tests: 29 


One or both ratings absent. 46. 
Total il. 


The discrepancies noted between personality ratings and testi- 
ratings are no evidences of marked differences, The low-tension tests 
are made with the object of determining the aviator's capacity to meet 
changes incident to variations in barometric pressure, whereas the aim 
of the personality studies is to determine if possible the resisting 
capacity for nervous and mental shocks. 


In collecting this material for records great care should be taken 
not to suggest imaginery troubles to the person being examined. Babinski 
and Froment (Hystérie-Pithia-tisme et troubles nerveux d'ordre reflexi 
Collection Horizon. Précis de Medicine et de Chirurgie de Guorre Masson 
& Cie 1918) have emphasized the increased danger of "suggestion" as an 
etiological factor of nervous diseases in the life of the soldiers A 
great deal therefore depends upon the tact and good judgment of the ex- 
aminere 


A very important function of the work of the Department is to make 
clear the value of good mental hygiene in increasing efficiency in assist- 
ing in the maintenance of discipline on rational grounds in strengthening 
morale and contributing to the esprit de corps essential for a complete and 
final military victory. 


Informal conferences on the subject of the mental hygiene of the aviator 
should be of vractical value. The demoralizing influences of intemperance, 
using the word in a broad physiologic sense, the paralyzing effects of worry 
over unsolved personal problems, of the failure to get square with life, of 
anxiety about anticipated events, and the shock caused by suddenly awakene 
ing to the realization of the fact that the lure of wish-directed thoughts 
make an individual incapable either of judging or facing reality. 


The casualty-list in the Aviation Service can be greatly reduced by 
insisting upon the necessity of cultivating a frank open attitude of mind 
in the treatment of the various problems which are forced upon the attention 
of the flier, Staleness, loss of confidence, various phobias, and increas- 
ing emotional instability are insidious enemes. 


Aviators should be familiar with the methods of preventing the formation 
of some of the mental influences disorganizing both to temperament and 
character, The difficult task of keeping their nerve should not be made 
unnecessarily difficult by the failure to appreciate and apply a few of the 
principles of good mental hygiene. 
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The Rebreathing Machine. 


The rebreathing machine in its simnlest form consists of a bag 
filled with air, connected by a tube to one side of an absorbing can con- 
taining caustic soda. (See Fige 1.) A tube leads from the other side of 
the can to a mouthpiece. A clip having been placed on the subject's nose 
and the mouth piece in his mouth, he breathes into and out of the bag, the 
air passing through the caustic soda which removes from it all of the ex- 
haled carbon dioxide. Inasmuch as a vart of the oxygen contained in each 
breath is absorbed by the body and the carbon dioxide is removed by the 
caustic soda, the volume of air in the bag gradually decreases and the 
percentage of oxygen in the mixture growg progressively less. Starting 
with sixty litres of air in the bag, the average subject will reduce the 
oxygen to seven per cent in about thirty minutes. 


Simple Form of Rebreathing Apparatus. 


The rebreathing machines in use in the laboratories of the Medical 
Research Board embody the samé principle as the simple apparatus shown | 
above, but they are built of metal and are designed particularly for the 
routine testing work of the Board, There are at present three forms of 
the machine in use, called respectively Type A (Serial numbers 2 - 13 
inclusive), Type B (serial numbers 14 ~ 22 inclusive) and Type C (serial 
numbers 23- 37 inclusive), but they differ only in details and a description 
of one will serve for all. (See Fig. 2) The base of tke machine is a stel 
tank (T) of sixty or eighty litres capacity, according ty the type. Type A 
has cighty litre, and Tynes B and C sixty litre tanks. AiP is insvired 
from the tank through the pipe at the left, and is expired bask invo thq 
tank through the pipe and absorbing cartridge (A) at the right. The valves 
(VV) keep the air-stream flowing always in the proper direction. In order 
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Absorbing can, 
Caustic Soda. 
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to maintain the contained air at approximately atmospheric pressure and to 
allow for changes in volume, a wet spirometer, (S), carefully counterbalanced, 
is mounted on the tank and communicates freely with its interior through the 
vertical pipe (P). A stylus attached to the counterweight records the move- 
ments of the spirometer upon the smoked drum of the Kymograph (K), Water 

is admitted to the tank through valve (E).to replace the volume of the used 
oxygen and also to flush out the tank after an experiment. The water is 
drained away to the sewer by means of valve (F). Valve (C) affords a free 
opening to the atmosphere for flushing the tank of the rebreathed aire 

Valve (D) should invariably be closed while flushing the tank, otherwise 
water will enter the absorption cylinder (A) and ruin the cartridge. The 
cartridge is a cylindrical paper tube filled with solid caustic soda, cast 

in thin shells so as to expose a large surface to the action of the gas. 

It is prepared for use in the machine by punching the ends full of quarter- 
inch holes with a pencil, The brass ring is then inserted in the lower end 
of the cartridge, the rubber ring fitted over the end, and the whole inserted 
into the absorption cylinder, Cartridges should never be used without both 
rubber ring and brass ring in proper positions Valve parts may be removed 
from the air valves, (VV), by means of the brass spanner wrench, which to- 
gether with two new valve parts is furnished with each machine. Counter- 
weight slide rods should be frequently greased with vaseline, and the pulleys 
oiled. In setting up a machine care should be taken to level it properly, 

so that the inner can of the spirometer hangs freely in the outer can and 
does not rub against the side, 


The Low Pressure Chamber. 


Seen 


The low pressure chamber at the Ifineola Laboratory is a cylindrical 
steel tank, eight feet in diameter and ten feet high, standing on ends 
It is entered through a full-sized doorway in the side, and forms a 
commodious and comfortable room in which five or six investigators may 
conduct physiological, psychological and ophthalmological tests under com- 
ditions of reduced atmospheric pressure. 


The reduction of pressure is brought about by means of a motor driven 
vacuum pump of ten horsepower, capable of rarifying the atmosphere within 
the chamber to a barometric pressure of 140 millimeters of mercury (equivalent 
to 35,000 feet above sea level) in five minutes. This is more than sufficient 
for any tests upon human beings. 


The pump withdraws air from the tank thru a three inch pipe at the 
top; at the same time fresh air is admitted at the bottom, the amount being 
regulated by means of a valve. The admission of air in the manner serves 
the double purpose of ventilating the chamber, and of determining the rate 
at which the pressure is reduced. This is: if the valve is wide open, 
pressure remains normal; if the valve is closed the pressure drops rapidly. 
Thus by manipulating one valve, any rate of pressure rise or fall, may be 
secured, 


The inside of the chamber is finished in a flat, neutral tint and 
lighted by tungsten "daylight"lamps, ‘Several windows of thick glass allow 
experiments to be watched from without. 


An oxygen supvly is piped thru the wall into the chamber to a dis- 
tributing board, with an individual tube and mouthpiece for each observere 
A check valve in the pump line prevents a material drop of pressure within 
the tank if, for any reason, the pump is stopped. 


For ease and efficiency of operation the control has been centralizede 
Directly before the operator is a small window and a telephone, enabling 
him to observe and communicate with those inside, At the left of the window 
is the mercury manometer indicating the barometric pressure within the tank, 
expressed in millimeters of mercury and in feet above sea level. At the 
operator's left hand are the valves regulating the oxygen supply; the valves 
at his right hand control the flow of air, and below them is the switch for 
the motor, The operator need not leave his post from beginning to end of 
an experiment. ; 


Figure 12 is a view of the chamber. 
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THE CLASSIFICATION EXAMINATION 


The test for classification of aviators is an outgrowth of the research 
work on the physiological effects of low atmospheric pressure. It was 
found that there were wide variations in the resistance to such effects, 
and the task was undertaken of determining which individuals were most suit- 
able for the branches of work which involve flying to the higher altitudes. 


The method of rating adopted corresponds well with the military needs 
of the service. In the first place are the fighters, the pursuit pilots, 
who commonly fly above 15,000 feet, often above 20,000 feet. In the 
second the bombers, who fly comparatively high but rarely above 15,000 feet. 
Third, the observation planes keep mostly in the lower levels, rarely 
going above 8,000 or 10,000 feet. The results of the low-oxygen test are 
expressed in ratings "A, B, and C" corresponding to the above requirements. 
"Class D," includes men who for one reason or another ought not to fly at 
all; such cases are occasionally found, though the purpose of the test is 
classification of flying personnel rather than elimination of any. After 
several hundred tests have been made it was found that the number of men 
passed in "Class A" (about 50%) was much greater than the need.of the 
service for pursuit pilots. Since choice had to be made among these men 
anyway, it was felt that a still higher rating was desirable which should 
include the particularly hardy specimens who ought by all means to be 
chosen first. For this reason a rating of "AA" is given to about 10% of 
men examined. 


The examinations are being made at the central laboratory at Mineola 
and. at a number of the flying schools in this country. It is hoped later 
to send examining units to every flying-field here and abroad, and also to 
make the examinations at an earlier period in the career of the flier by 
installing examining units at ground schools or other concentration points 
for candidates. 


The examining unit consists of four officers and six enlisted men. 
The officers are 2 physiologist who has general charge of the conduct of 
the test and sees that the technical detcils are carried out; a Clinician 
who passes on the general physical fitness o& the subject both before and 
during the test, especially on the reaction of the heart and circulation; 
2 Psychologist who determines the effects on general efficiency as expressed 
by the apparatus work; and an Ophthalmologist who makes a careful prelin- 
inary examination of the eyes and determines any effects of low-oxygen upon 
the vision. The enlisted men manage the rebreathing machine, make air 
analyses, record pulse and blood-pressure during the test, and do the 
clerical work on the reports. 


The routine test is carried out as follows. A careful history is 
recorded and a general physical examination made, special attention being: 


given to the circulatory apparatus. Tho reaction of pulse and blood-pressure 


is measured when reclining and stonding, after standard exercise, (stepping 
up five times upon a chair) and two minutes after exercise. It is hoped 
that these simple tests will be found useful when repeated later in the 
career of the flier to determine whether he has remained in good condition. 
It may be stated that a normal behavior in these reactions has been found to 
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be a very fair index of the subject's ability to pass the low-oxygen test. 
A careful examination is now made of the eyes. MI 


The next step is the rebreathing test itself. The evidence is suffi- 
cient that this test'is a perfectly reliable index of tolerance to low : 
atmospheric pressure, and the-low-pressure chamber has been used not as a i 
routine method of examination but only as.a means of checking up the re- 
suite of the other test and for scientific purposes. ..:*"* 


The rebreathing machine is so adjusted that the average run will be 
between twenty-five and thirty minutes. During the run the subject does 
the psychological work as described elsewhere and is carefully observed by 
the psychologist to determine the earliest effects on attention and motor 

coordination, as well as the time of appearance of more marked effects and 
of total breakdown. 


Every kines minutes the capacity of the external and internal ocular 
muscles is retested during the run (near point of convergence and near point 
of accommodation). During the whole test the pulse and blood-pressure, 
systolic and diastolic, are measured every one or -two minutes. The clini- 
Cian keeps close watch of these figures and makes frequent examinations 
of the heart. The respiration is recorded during the test on a kymograph. 


The test ends when the psychologist has determined that the subject 
has reached the point of complete inefficiency, or when the clinician 
finds that the condition of the circulation makes prolongation of the 
test undesirable. The latter contingency usually means either that the 
heart is abnormal or that fainting is about to occur unless the test is 
stopped. At the close of the run the air remaining in the apparatus is 
analyzed to determine the oxygen percentage reached, which can be trans- 
lated roughly into terms of altitude. A few subjects have exhausted the 
oxygen to 6% or a little lower; 7% is a frequent figure, while poor sub- 
jects either become inefficient or faint at considerably higher percen- 
tages. 


The results of the test are summarized in a plot of which the 
abscissa line represents minutes of time, and the ordinates are percent 
of oxygen, and figures representing pulse, blood-pressure, volume of res- 
piration, millimeters of near point of convergence, etc. The appearance 
of different degrees of inefficiency by the psychological tests is indi- 
cated by symbols placed at the proper time on the abscissa line. It is 
assumed (with reasonable correctness) that a straight line connecting the 
oxygen percent at beginning and end will represent the percent at all 
intervening timese The basis of judgment on the success of the subject is 
the oxygen percentage at which various phenomena occur, and this is 
he edit from the ea oF Bae, oxy gen pets at the time in question. 


a © 


The decision as to rating the auhient is made by consensus of opinion 
on the basis of the ratings mde by each separate department, and is or- 
dinorily the lowest rating assigned by any one of them. No man is passed 
in "Class A" who has any considerable disqualification from any point of 
view. For example, a deficiency in vision whether ordinarily present or 
only developing as the result of the test would disqualify for combat work, 
no matter how well the candidate performs otherwise. 
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Aside from ocular deficiencies or general physical conditions of a 
distinctly abnormal nature, the rating of a subject depends on the answer 
to two questions. How well does he adapt himself to the unusual environ- 
ment, i. e., how well does he preserve his efficiency at altitudes (as 
expressed by the psychological tests) and second, at the expense of how 
much strain on his circulatory system does he do it? Many subjects will 
- compensate admirably preserving their efficiency to a very high altitude, 
but only by means of a very high blood-pressure, high pulse or violent 
vasomotor reactions such as would lead us to expect that this man would wear 
out quickly in service, or perhaps actually have a circulatory collapse in 
the air and faint, 


As to the first question, that of general condition and the proper func- 
tioning of the compensatory apparatus, our most delicate criterion is the 
performance on ths psychological test. If a man is able to keep his brain 
clear he is certainly compensating against low-oxygen effects, for the brain 
is not only the most important tissue to protect but it is also the most 
sensitive to defective nutrition. After much experimentation with different 
systems of rating a fairly empirical method of computation has been adopted 
(fully described elsewhere) which takes into account the percentage of oxy- 
gen at which various effects eppear and the duration of the test, since 
longer exposure to moderate oxygen deficiency may produce more profound 
effects than a short exposure to a high degree. The rating is based both 
on the early slight signs of abnormal effect and on the more pronounced man- 
ifestations up to complete inefficiency. One man may be moderatly inefficient 
from 8,000 feet up, but only break completely at 25,000 feet. Another may re- 
main perfectly clear until 20,000 feet and then suffer a complete loss; pro- 
bably the second man would. be a more useful flier than the first. 


The second question, that of the amount of circulatory strain involved 
in preserving compensation, is answered largly by the behavior of pulse and 
blood-pressure and by the sound of the heart during the test. 


A fuller discussion will be found elsewhere of the method of rating 
based on circulatory effect. A subject who has a definitely diseased heart, 
no matter how well compensated, is put in Class D, and it is recommended that 
he be kept at ground work. No man is passed in Class A whose blood pressure 
is so high that the heart will be continually undergoing severe strain. Signs 
of circulatory exhaustion or fainting are causes for rating in "Class B or C." 

It should be stated that some of these circulatory reactions are signs 
not of constitutional inferiority but of temporary lack of condition. They 
none the less give a clear index of how the man may be expected to behave in 
the air, and such a temporary rating should be followed until a better gener- 
al condition can be demonstrated. It is hoped that it will be possible to 
apply the test at rather frequent intervals to the aviators in service and 
thus determine whether they are reamaining in good condition or becoming 
"stale." For this reason it has been arranged that the report of the examin- 
ation is to accompany the aviator wherever he goes and be accessible to the 
flight commander and the flight surgeon. 
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The average age of the various classes is interesting. This was 
tabulated for 193 cases passed above "D". 


TABLE #2 
No. AGE 
CLASS "AA" 22 23 yrs - 9 mos 
wv maM 61 25 ge | tt 
WW bad hd 69 25 vu 2 1 " | : 
t gn i PUR) aie 
Py Among 109 cases of fliers rated "Class B" the reason for not giving | 
"a" was as follows: 
No. % 
Circulatory exhaustion - - - - -- 37 33.9 
Psychic deterioration ------ 36 33.0 
Both of above -~----- 27 24.48 
Hien micod<pressures == - = - - - 9 8.3 


- 


71 100.0 


Among 65 cases of fliers rated "C" the reason therefor Was: 


No. % : 
Circulatory exhaustion:- - - - - - 31 47.7 | 
Paychic deterioration..-—<---- ~ 25 35.4 
Bot liaet. AOOve eR ee 3 446 
Mich blood-pressure. -77 77% 5 7.7 
Peraerate Wants 6) 4,6 


65 100.0 


Of 18 men rated in "Class D" the causes were: 


Valvuler heart disease « «+s ses 8 © ®» © © # # 9 
Ventricular extrasystoles . + +s s+ ere es 3 
Deficiency of vision or ocular muscles » « « » « 3 
Color Diindnessh . <0 6 es ee ete ee 1 
Vertigo of unknown cause. +. + s+ e+e sss ss 1 
Neurotic constitution, poor vasomotor tone 664". 2 

18 
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ROUTINE FOR EXAMINATIONS 


1. Bach unit will consist of four officers and six enlisted men, 
viz: 


1, Physiologist, 

ey vlinicibn, 

32 Ophthalmologist. 

4, Psychologist. 

Enlisted men, Ca ray iaiuee fo can: and Bp 


Qe The ranking officer of each unit will exercise military command 

and will coordinate and expedite the work of the wnit, He will not, how- 
ever, usurp the right of other officers to decide matters, especially 

such as involve rating, which lie in their own departments, Technical 

or scientific matters or such as involve general policy will be referred 
to the Mineola Laboratory through the chiefs of the respective departments, 


3. The routine test for aviators will consist of (a) preliminary test 
by clinician and physiologist including history, (b) preliminary test by 
ophthalmologist, (c) test on the Henderson Rebreathing apparatus during 
which the subject's performance and condition are observed by clinician, 
opthalmologist and psychologist, Technical details of the test are the 
responsibility of the physiologist who supervises the work of the enlisted 
men on the machine and in taking pulse and blocd-pressure, He will not 
examine the sudject during the test, 


4 The test will normally be continued until the subject has arrived 
at a point where he clearly shows low oxygen effects or his efficiency 

as determined by the Psychologist, and when this point is reached, the 
experiment will be terminated, In case, however, his general condition 
demands it, the subject shovld be removed before this time, The necessity 
for interrupting the test before its natural termination is to be decided 
by the clinician though all others present should call his attention to © 
infavorable indications, This applies especially to the Physiologist and 
“the enlisted man taking pulse and blood-pressure, who should promptly 
report to the clinician any note worthy change in these observations or in 
the respirations 


56 No test should be prolonged beyond the point where the final rat- 
ing can be determined. For example if the subject's heart puts him in 
Class "C" or "D", it is a matter of no great interest whether he ranks 
"a" or "B" on the psychological test, It is important that, the test be 
so conducted that subjects will not have the expectation in advance of 
undergoing anything dangerous or disagreeable; for this reason tests 
Should rarely be prolonged to the point of fainting, unconsciousness or 
great discomfort, 


6. All members of the unit must exercise diligent care to prevent the 
prejudicing, alarming or exciting of the subject, This applies not only 
to subjects being tested, but to all fliers and candidates who may be 
later subject to test, Even chance remarks, which might give the impres- 
sion that there is danger or discomfort in the test, or that many men 
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are disqualified as a result of the test, must be scrupulously avoided, i] 
Unfortunate remarks which seem unimportant to the person making them, do 

in many cases produce such an effect on the subject that his performance 

on the test is materially modified, 


7. Instructions to the aviator, concerning the operation of the psy- 
chologicél apparatus, widl be given by the psychologist only, Additions 
by other members of the group are detrimental, 


8» During the first three minutes of the run, the aviator will be 
coached by the psychologist, 


De Stopwatches of the psychologists, ophthalmologist and cardiac obser- 
ver will be started simultaneously, and all records will be kept in terms 
of elapsed time after watches are started, 


10. Beginning at the 6th minute, and at three minute intervals, there- 

after the psychological work will be stopped for thirty seconds, to allow 

the ophthalmological andec ardiac examination, It is important that the 
ophthalmologist keep track of the time so that he shall be ready promptly. 


Lis Full instructions as to the ophthalmological tests must be given 
previous to the commencing of the run, so that no instructions will be 
necessary in the thirty second period, 


12. In case the clinician feels that the subject's physical conditim 
demands more frequent examinations these shall be made in such a way as 
to distrub the psychological test as little as possible, 


136 Rebreathing tests may be made separately for the purposes of the 
differcnt departments, but in rating fliers a single test will.be made as 
a routine, If it seems desirable an unsatisfactory test may”“be repeated, 


14, Results should not be indicated to the aviator except in the most 
general form - especially to be avoided is any statement of "how far he 
went" in terms of thousands of feet altitude, It may be made plain there 
is no direct parallel between oxygen percentage in the rebreathing test 
and low atmospheric pressurd, and that in the rapid progression of the 
test the results would be very fallacious if applied to active working 
conditions at high altitudes, 


aS, The duties of the officers are: 


(a) The Physiologist will have immediate charge of enlisted men "A" 
and "B", see that their work is being done properly, that all apparatus 
is in order, and that necessary supplies are kept in sufficient stock. 
He will take pulse and blood-pressure before the rebreathing test in the 
manner prescribed on p, 2 of the history. He will pass on the character 
of the pulse, respiration and blood-pressure, conferring with the clinician 
as to their bearing upon the normality of the circulatory apparatus, He 
will enter this judgment on these matters under "Sumaary" on p, 2 of the 
historye 


(b) The Clinéian will carefully read the history prepared by enlisted 
men "C"; go into more detail as to paints suggested, especially as to the 
exact condition at time of tést, He will then ‘aalze a ‘physiga2 BABS ee s401: 
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and fill in the entries on the history form or dictate .them, He trill be 
present at each rebreathing test, following carefubly the condition of the 
subject, interrupting the test uf he considers that the subject's physical 
condition demands it, being the one man responsible for ending the experi- 
ment. On completian of the test he will enter on the blank (p.3) the exact 
condition at beginning ond at close of test, (especially whether unconscious, 
fainting, etc,); note manner of recovery, din any other remarks as to pro- 
gress of test, He will summarize on p, 2 the behavior of the subject's 
general physical fitness both before and during the test, especially the 
behavior of the heart, He will consult with the physiologist as tore- 
spiration, pulse and blood-pressure, 


(c) The Ophthalmologist will conduct preliminary tests, and tests 
during the rebreathing experiment, He will base his rating on.the results 
of both tests, 


(d) The Psychologist will observe the performance of the subject 
during the test, He will plainly signal to the clinician when he is’ 
ready to terminate the experiment, and the clinician will ordinarily 
take the subject off at this time, He will bese his rating on both the 
preliminary performance and on performance under low oxygen. 


16. The duties of the enlisted men are as follows: 
"A" will have the care of the rebreathing machine during the test 
and will be responsible that it iskept in order, He will make analyses — 


and record them on the history sheet p. 3, 


"B" will take and record pulse and blood-pressures during the test 


and attach this record to the history sheet, He will fill in the names 


at the top of page three of the history. He will be responsible that all 
papers are taken to be plotted as soon as above entries are made, 


"C" will receive candidates, give them directions as to procedure, 
take their history, assist physiologist and clinician in their examinations. 
He will also assist “E" with copying and keeping in order the historics, 


"D" will be responsible for making three copies of the charts in 
each case, 


"E" will be clerk, writing such letters, etc., as may be ordered, 
and being responsible that three identical copies of each record are 
prepared and that they are mailed after approval to their appropriate 
destinations, 


"F" will have charge of the psychological apparatus and will man- 
ipulate the lights during the test, He will assist in the plotting and 
copying. 


17. The commanding officer of the unit may readjust the assignments 
of the enlisted men as he deems wise; e. g, "A" and "B" should be in- 
terchangeable, and it may be necessary that "C", "D" and "E" assist 
each other somewhat, 
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ROUTINE FOR RECORD-KEEPING, 
1, Candidates will report to enlisted man "Cc", 


As "C" will enter candidate's name in the journal, take the history 

and attach to it the check-slip, The history (original copy) will be either 
wirtten in ink or typewritten. The two copies will be typewritten. Entries 
by the various departments are to be made only on the original and the 
original is to be signed by each officer, military rank being added and de- 
signation as "Physiologist", etc, 


Se Each step afterward is to be initialed on the check-slip as it is 
made » 
4, Preliminary pulse and blood-pressures to be taken by the physiologist, 
De Physical examination to be made and entered (or dictated) by clinician, 
6 Preliminary eye examination made and entered by ophthalmologist, | 
74 History to go to rebreathing room with the subject, to be delivered to 
"BY, "B" is to be instructed that no test is to proceed until the history 


ia in his hands and until all procedures up to this Peay are checked on 
the check-slip, 


8, At the close of the test, the names of observers are to be entered 
by "B's any remarks about the Lest may be entered by the physiologist or 
the olinieian: the clinician will enter condition at beginning and clése 
of experiment and at this time he will usually enter his remarks, under 
the summary on p. 2, The air analyses will be entered by "B", who obtains 
them from "A", as well as the exact time of day and the duration of the 
test, 


9. At the close of the test all papers (history, check-slip, pulse 

and pressure notes, duplicate of psychologist's notes, kymograph tracing) 
are pinned together and taken to plotting room by "B", and pleced in folder 
marked "Plotting room, To be plotted," 


10. Three identical plots are made by "D", 


5 "D" takes all. papers to Snathelmaloni st’ s desk and places them in 
folder marked "Ophthalmologist, For notes on histories", Ophthalmological 
data are to be added to chart and entries made under Seecy On Pe Ze 


12. Papers taken in turn to similer folders en desks on. Psychologist, 
‘Physiologist, and Clinician, who similarily make their additions to chart 
and history, 


13, Each department should attend to this clerical work as expeditiously 
as possible, and see that papers are forwarded at once to the next depart- 


ment, 

14, When notations are complete all papers are to be placed in basket — 
on "C's" desk marked, “Examination complete. Plotted. Notes made. To be: 
‘rated ou y 3 . 
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15, A conference of all officers on rating is to be held at frequent 
intervals, preferably each day, The rating is decided on concensus of 
opinion, being ordinarily the lowest rating of any department. The sub- 
ject is to be assigned to one of four classes, viz: "A (no restriction 
as to altitude)", "B" (should not fly above 15,000 feet)", "cf! (should 
not fly above 8,000 feet)", and "D"(should not fly at all)". Further 
recommendations of the board in greater detail will at this time be dic- 
tated to "E", who will later see that such entry is madé. It is desired 
that recommendations be made as explicit and detailed as possible, advis- 
ing as to the exact kind of work the subject can do best, 

Entries under Recommendations of the Board", should be made in 
language understandable to the laity. (In the rest of the report this 
is not important since the deta is primarily for reference on repeat 
examinations or for collation.) The definite figures established as to 
altitude are to be given axs above, It is a good usage to explain by a 
phrase or so all ratings below "A", For instance, if the psychologist 
gives a rating of "B" the following phraseology may be employed: "Class B 
(Should not fly above 15,000 feet) becomes inefficient before highest 
altitudes are reached,” In case of heartestrain: "Class C. (Should not 
fly above 8,000 fect.) Preserves his efficiency at moderate altitudes 
Only at the cost of severe heart-strain,. Would wear out soon if used at 
high altitudes," Etc, 


16. Records to be returned to basket marked "Rated, To te copied”, 


17. "E" will see that three copies are prépared, identical except that 
only the original need be signed, He will then return them to basket 
marked "Copied, fo be inspectod", 


18, Reports will receive final inspectim of C.0,. of wnit, whereupon 

"EB" will send the original to the C.0, of the flying field, one copy to 
office of the Surgeon General, U.S. Army, and one will be filed in the 
Medical Research Laboratory, (For the present all three copies and all 
other papers will be sent to the Medical Research Laboratory at Mineola, 
where they will be inspected and distribufed as abowe, When this is done, 
it will be advigable for the unit to keep on file duplicates of the origi- 
nal notes. When the original is sent direct to the C.0, of the flying 
field and is thus on file at the field, the unit will not need duplicates.) 


ao In filing records in Medical Research Laboratory, each one as it 
arrives will be given a serial number and all papers marked with this 
number, placed in a manila folder also marked with name and number, and 
filed serially, A smaller (3 x 5) card will be made out for each record 
and kept in a smaller file in alphabetical order. 


206 In case the examination has not been completed, the records will 
be kept in basket marked "Examination incomplete, To return", 


Lie When it is evident that an examination will never be completed. 

(e. ge if aviator is moved to another station) the history will be filed, 
not with the completed histories, but in a separate division arranged 
alphabetically marked "Incomplete. Will not return", A small card (3 x 5) 
will be made out for such a record and will be filed with the other small 
cards. 
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Cee Incomplete records on which no rating has been made, will not be 

sent to the C,0, at aviation field nor to the Chief Surgeon, but will be 
kept by the unit unless the aviator has been transferred away when they 

should be sent to the Mineola Laboratory, 


foe Any correspondence relative to an aviator is to be filed with the 
other reports at Mineola, 
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Directions to Clinician as to conduct of rebreathing test, 


The Clinician is to be present throughout the test and is pri- 
marily resnonsible for the subject/s condition. It will almost always 
be possible to keep sufficiently accurate track of the heart action by 
listening during the eye examination, in order to avoid interference 
with the psychological test. In case the safety of the subject demands 
it, however, he should not hesitate to examine the heart more frequent- 
ly, especially toward the close of the test. 


The Clinician will be the one toterminate the test by removing 
the mouth-piece or nose-clip. About four times out of five probably 
this will be at the instance of the psychologist who will plainly in- 
dicate as soon as his results are satisfactory. When this point has 
been reached the subject is probably within a short space of insensi-~ 
bility and the mouth piece should be removed without delay. 


The Clinician may terminate the test before the psychologist has 
got his full results if he considers that safety demands it, but such 
an ocecurrance should be infrequent if proper judgment is used, because 
any abnormal circulatory condition will give an early psychological ef- 
fect and it is usually safe to let the test go to this point. An exception 
is any case of cardiac arrhythmia (except sinus arrhythmia) which increas- 
es during the test. In this case the experiment should be terminated 
very early from the possibility of ventricular fibrillation. 


When a definite cardiac lesion can be determined it is unnecessary 
to prolong the test, for if the clinician's rating is "c" or "D" it is 
a matter of small importance whether the psychologist's rating is "A" 
or "B y e 


The Physiologist may suggest terminating the test if something is 
manifestly wrong, as e€.g., with the apparatus. 


The indications for interference by the clinician are two:- First, 
that he has determined a disqualifying cardiac condition; second, that 
the subject is on the verge of fainting. To guard against this latter 
the clinician should carefully watch the pulse and blood pressure re- 
cord and should instruct the observer to call his attention at once to 
any marked change. Blood pressure readings every minute are desirable 
toward the end of the test. Subjects who have had an excessive re- 
sponse in pulse and blood pressure, those whose hearts are evidently 
working too hard throughout the test should be especially carefully 
watched, but evon in these cases it is always safe to allow the test 
to go on either until the psychologist is satisfied or until there are 
definite signs of fainting. Rapidity in pulse or moderate increase 
in blood pressure is not an indication for stopping the test. 


The first sign of fainting will be a sudden drop in diastolic 
pressure, followed later by a drop in systolic pressure, then to drop 
in pulse, It is often possible to remove the mouth-piece when the 
diastolic fall has occurred, but before the other two. A slow and 
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steady decrease in diastolic pressure is to be regarded as normal if 
not excessive, especially when the systolic pressure is not increasing, 
but such a steady decline frequently ends with a sudden fall and demands 
careful watching from minute to minute, 


It is highly important to avoid fainting when possible (and even 
the cerebral type of unconsciousness) though a certain number of cases 
will faint in spite of the mdst careful watching - this may occur with 
great suddenness, especially when coming early in the run, 


A middle ground must be taken, giving the psychologist as much 
opvortunity as possible for his observations, and yet avoiding disagreeable 
terminations of the test. As remarked above the psychologist should terminate 
the test at least four times out of five. 


Directions for Clinician 
as to Rating. 


When a diagnosis of valvular lesion of the heart can be made no 
matter how well compensated the subject should be disqualified. Rarely 
in the case of a man who has already qualified as a pilot and where the com- 
pensation is excellent and the reaction to the test good, he may be passed 
in class "C" with explicit directions that hé be very carefully watched 
and be withdrawn later from all air work if he gives any evidence of wear» 
ing badly. 


Subjects who have or develop arrhythmia are to be rejected (except 
sinus arrhythmia, which is of no importance), 


Subjects who show deterioration of heart sounds (usually due to poor 
arteries, fatty heart or flabby heart muscle) should be rejected, or if 
the deterioration develops late in the test, be rated in class "c", 


In any of the above cases the experiment should not be prolonged 
beyond the point where the clinician has fully satisfied himself of an 
abnormal hearte 


- The clinician will not be called upon to decide on cases who com- 
pensate poorly since they will receive a low rating from the psycholo- 
gist who will demonstrate failure of compensatieun long before the clinician 
could, The type of person however, who because of generally poor constitu- 
tion fails to compensate at all (no rise in pulse, none in respiration, no 
change in blood pressure) should be rejected rather than given a low rating, 
Such cases, however, should be very rarely found in the aviation service, 


Of the cases who compensate well (probably 75% or more of the exe 
periments) the rating should be based on the amount of circulatory strain 
involved in maintaining compensation, 


It is difficult to establish fixed rules in this regard and much must 
be left to the judgment of the examiner. Those who become unconscious at 
less than 8% oxygen without circulatory failure, of course, deserve an "A" 
rating. We have passed a few subjects who had a circulatory collapse 


Be484 11-2 


y 
se gi. 


‘ht Haider ia es ay. wo ee we oul sheoaiaty oh) on : 
Fer era ae wenn od ottodate che a is ifatoe | 
shontont si “Batst thet abbus ip thd Bans eh testa 


nae baa ofstanel sala siete Sova Maquce ti ne 

i CEAR ta I Me, “Omer, ‘akatdag bo His Deed ) | : 

betial hie es Cae) auido, ‘aie tuteiwo: nih wat to. avige tine 
afitet! OHS WE ‘ Stied ation seis Vilatootas seuss i da 


| ities on Sitgedodoune eet? ariivily cneainy od Fain’ bavosg siahan. A i 
ele simaatth as thoes Sy Bik | aor itevreado bid aot, sliteusa’ LB NRT NN} 
SiBNLOMed  flauite milder aay ‘eves balteaer Balk: ated end to sitok: a4 AW) ‘| 
Pate — are RS Joo amet! eat tenet. Fo Hed sie” 


; RRA Woh ripen Ni 

TRAE OME TA ONG ak yelp Vacant wn gh x ee ba 

bichsisiny tay't ‘alata Ce ei Cas ae 
teen | Le) . ; o'r 

agistenlt eB ES ak ee 


Oh ebavy ont was ee et to ne dder dad ebb a ert 8 yer Pepsi! 

vital bo REAL AMBRE ad Blimrie deut dua ang Beteenaginon Liaw vox ee c wae) 

i BAS uke Be el ee a oe bo Ph Ri nip yonowls nad oft, tam @ to sap be AEs 

 Besene ae aie ay :boog, tear ene oe me Eho aes od ban Sdeliooxe. ei tok ie TR 

bate it otee wey od iat Heke aro LIGG4Lb, dtoitaxe cheer, "ae, ho ae 
wikeN fo senwh Eve gig Gevég of ar tion tis brabus sen bac a: . He 


* 
by $e 


Figen iy, ay hewoag ayy wd a ‘ote ‘julie i singly ae eur ere Pee 
tee pC Sonah iis os by at ‘Mosaie pobre - 
WOGe Ok ew tof tuuhiss abet Peak: Te fo mwa toatae woHe bittrabook duit)! he 
tf 0 (becd0f ot! Of Bitoode Coloates Segond yaad 46 duper yitet (setts 
NO" aaala mk boden ed Th wid ik FRE eat teaver obtein t88 | 


hanno lord wef ron pie tin tots att soban ‘pveda ate to vite + alk a 
he ‘to Lowatd balivedon Ned tut as Peete bate oot re it bh 


anes ode geen ne" wien ‘i singh baa a bh pid 
adlodoyiy std work geek ing Wot AB avtebes Ife yotls 
Kebobiise edt ote tad asl SPiowitgutico etul tnt’ eta% 
wit itinos tod Yi foteneg. 26 eduehed ont rere: “e 
mst pio kdandcusy ind BrbD te bain te Bak s: pe Ria ‘ee 
(Mattox wets ireivbey ‘ett redeet Bo toee we ed ‘pl oostt a Cahttie 
Sri Hold eien gtd mt hewie® horas an See 


| Mere oid a ‘gui ty Beh esas) 
Bi bay Aateeras: te Baap Ocid tat 


(either fainting outright or marked drop in diastolic pressure) at less 
than 8%. Those whose circulation fails between 8 and 10% may be rated "3"; 
and those above 10% - "C", If in doubt, it is safer to give a lower rating 
Since more flyers will be neéded for lower than for higher altitudes, and 
the late effects of circulatory strain are always to be considered-i.e., 

the early developpent staleness. Rating should be very conservatiye in 
cases of high blood-pressure. If this is above 150 the rate should be "B", 
if maintained above 160, it should be "C", especially when there is evidence 
of circulatory fatigue. The paragraphs on blood-pressure in the directions 
to the physiologist should be carefully followed. 


In cases given a low rating onaccount of circulatory strain. This 
fact should be made evident under "Recommendation of the Board" on the 
report. Some such phraseology as the following may be employed:- "Class 
"Cc" (should not fly above 8,000 feet). Maintains his efficiency at 
moderate altitudes only at the cost of severe heart strain. Would quickly 
wear out if used at high altitudes", 


NOTES ON THE DIAGNOSIS OF VALVULAR HEART DISEASE 


The cases of valvular disease which the clinician of the research 
board will have to decide will almost always be difficult to diagnose. 
This is because the candidates have been already carefully examined and 
selected, 


The rebreathing test is a very efficient aid to the more usual methods 
of examination and it may pretty safely be asserted that a man who makes a 
good run on this apparatus can have no serious cardiac lesion. 


Overemphasis mist not be placed unon single factors. This is especially 
tru of murmurs. Systolic murmurs are extremely common, especially when heard 
at the base, in cases where there is no organic disease. Roughnessesof the 
first sound suggest a slight thrill are also not uncommon. 


A clear prolonged diastolic murmur is of course almost certainly caused 
by either aortic insufficiency or mitral stenosis, but even in this case a 
diagnosis must not be based on the murmur alone. Evidence of hypertrophy 
and dilatation, either or both, should be present, and in mitral cases a 
pretty marked accentuation of the pulmonic second sound. The trained ear 
learns to judge from the character of the heart sounds rather than the mur- 
murs whether there is organic disease or not, but it is difficult to express 
in words just what the changes in the heart-sounds are which prove decisive. 


A heart with an organic lesion seems to behave in one of two ways on 
the low oxygen test. It may fail to compensate almost from the start: in 
this case there may be no accentuation of the first sound nor of the murmurs, 
but rather a deterioration of the sounds and a shortening of the first in- 
terval, Such a subject will probably become inefficient very early, will 
get very blue and be extremely uncomfortable; a number have themselves re- 
moved the mouth-piece saying they felt that they were suffocating. This 
type of reaction, indicating poor heart-muscle, will be rarely found among 
aviators. 
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Much the commoner type of reaction is that of excellent compensation 
or rather of over-compensation. In this the heart is evidently on a heavy 
strain from the start, the sounds loud and booming, the apex impulse heav- 
ing, second sounds accentuated. Murmurs are sure to come out much more 
clearly. For a reason which is difficult to understand this type of case 
usually runs a high blood-pressure, 140 to 160, occasionally even to 180. 
Psychological efficiency is often held very well. 


Such well-compensated hearts frequently hold out and do their work 
against the odds up to a very high altitude. When a diagnosis of valvular 
lesion is clear, however, it would be unwise to prolong the test to the 
point of cardiac failure as the latter would involve much greater risk than 
in the case of the normal man. 


Numerous cases have been observed where puzzling murmurs have been 
present on preliminary examination, which did not become stronger during 
the test, or even disappeared; in these cases the whole course of the test 
was normal, there was no evidence of cardiac incompetence nor of over-strains 
In such a case the murmur should have no weight at all in assigning the 
final rate. 


While we feel very strongly on the danger of flying to a man with 
valvular disease there is bound in every case to be bitter disappointment 
and dissatisfaction with the ruling of the board. For this reason great 
care must be exercised in the diagnosis and when possible two competent 
clinicians should argue on the matter, Usually it is best to repeat the 
test to be absolutely sure. 


- Probably the chief source of doubt will come from cases of poor con- 
dition from other causes (bad cold, diarrhea, etc.) with functional murmurs, 
In some of these cases an interval of two weeks before a retest will clear 
up the confusion. The other cases it may be necessary to have a more 
thorough inquiry into the general condition at the Post Hospital or een a 
Base Hospital. 


In case of douht, it is safe to err on the side of protecting the 
man, especially when he is a candidate or a cadet. In case of a finished 
pilot he may be passed in Class "C" when there is a reasonable doubt, but 
the Recommendation of the Board should contain explicit directions that his 
heart must be very carefully watched, and that he is to be withdram from 
flying if trouble develops. The case should be called to the attention 
of the Flight Surgeon and the man himself should understand the situation 
thoroughly, both his own condition and the danger of aviation to a defective 
heart. 


ROUTINE BYE EXAMINATION DURING REBREATHING TEST. 


1. Instruct the candidate fully as to the methods of procedure during 
the rebreathing experiment and the signs that he will make to tell you when 
his vision is blurred, when he is diplopia, etc. It is well to take time to 
instruct the candidate in this way so that valuable time may not be lost 
during the experiment, and the psychological reaction disturbed as little 
as possible. 
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2« Beginning of sixth minute, after start of rebreathing experiment. 


Note; (a) Convergence near point. 
(b) Accomodation near point. 
(c) ‘Field of binocular fixation. 


Se Nete convergence, accomodation and field of binocular fixation 
during first thirty seconds of every third minute, and vision every six 
minutes, 


4, Make at least one reading after candidate is removed from 
apparatus « 


9+ Make nete of reason for removing man from rebreathing apparatus 
on face of cards 


6- Note also on face of card whether man is apparently a desirable 
candidate as far as the eyes are concerned. 


7, All records mist be in ink. 

8. Make all notes on 5 x 8 history card. Loose papers are undesirable. 

9, Make a record of the examination in the cross file, under heading: 
"TESTS AND DATE", 


10-AS soon as oxygen percentage is recorded, rate the candidate under the 
date, in this manner, on the back of the 5 x 8 card. 


4-20-18 6 


1. 11% (percent of oxygen at which first permanent change occurs) 

2. 7% (percent of oxygen where the candidate is ocularly ine- 
fficient from any cause), Eve. (A) 

Thus: Peete (hin did. (2) 7%; Bye (CA). 

N,B. Make notes of rating, a, b, c or d on card for tests and 

dates arter man's name. 


ll. As soon as data is complete to this point, enter it on the three 
copies of tne history and make any necessary recommendation, stating why it 
is made. 


(a) Under summary of observations durjng low oxygen tension test, use 
scientific terms. 


(b) Under recommendation of board, use lay expressions. 
One copy of the history is sent to the Post Commander, one to the Med- 
ical Research Laboratory, Hazelhurst Field, Mineola, L.I. and one to Air 


Service Division, Surgeon General's Office, Washington, D. C. 


12. Make certain that the 5 x 8 card which is retained in the labor- 
atory gives a complete statement of the reason why a candidate was rated 
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&, b, © or da; and what recommendations were made as to his final dis- 
position. 


13. Keep 4 x 6 cross file up to date, following some such scheme; 


Index(cross scheme for Ophthalmological Dent. ) 
Card color scheme (1)yellow(2)blue(3)salmon(4)white. 
Sub-index under (a) Rebreathing. 
(b) Name and date and altitude in feet where break 


was first shown, 
(1) Men who have flown. FLIERS. (1) Pilot. 


(2) Acclimated, 
(3) Men who show break in accommodation, 
(4) Men who show break in convergence. 


(2) Observer. 


(a) have flown, 
(b) have not flow 


ACCOMMODATION. 


CONVERGENCE, 


(5) Men who(do or not)show break after abuse of alcohol, 


insufficient sleep, sex excess. (a) yes. 


(b) no. DISSIPATION, 

(6) Muscles, MUSCLES. 
(7) Men who show no ocular break. NORMAL. 
(8) Break in field of fixation, FIXATION. 
(9) Refractive errors(break or not).(a) yese 
ee (b) no. REFRACTION. 
(10) Men show break in vision, (a) acuity of, 

(b) color, 

{c) field of, VISION, 
(11) Men who(do or not)show break after illness. ILLNESS. 
(12) Men who(do or not)show break after typhoid 

vaccination. (a) yes. 

(b) no. TYPHOID. 
(13) Oxygen given during experiment, OXYGEN. 
(14) Stereoscopic vision. STEREOSCOPE. 
(15) Retinal sensitivity. (a) contrast, 

(bo) threshold, RETINA. 
(16) Tension(Intraocular) TENSION. 
(17) Men who have had accidents. ACC DENTS. 
(18) Men who are stale. STALENESS. 


Routine monthly examination of the eye of the flier. (Suggested) 


A record of the completed 609 examination should be kept with the 
papers of each flier with the additional record of the near point of con- 
vergence and muscle strength finding, 


l. Visual acuity: If the visual acuity has altered ophthalmoscopic 
examination should be made to determine the cause, 
Le Examination of the eyes - 
Se Muscle balance, 
(a) If change in findings, record muscle strength. 
4, Near point of accommodation. 
5e Near point of convergence. 


N.B, If alteratiion is found in any of the above findings stereoscopic 
vision should be tested. 
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Ophthalmological equipment for branch labératories, 


1, Two small mm. rules, fifteen om. in length. 
€« One Prince rule. Illiterate "Es" as test object. 
5. One five-fcot, centimeter rule, marked in mm, and in degrees of 
tangents of arca 
4, One Hare-Marple battery-handle electric ophthalmoscope. 
54 Two dozen batteries and three extra lamps for the ophthalmoscope. 
6. One stop-watch. 
7. One Schweiger hand perimeter, with two extra eye pieces, one 
for monocular use and one for binocular USE e 
8. Three 75-Watt, 110-volt, nitrogen daylight lamps, 
9. Two extension brackets with two shades, 
10. One set of visual acuity test cards, (Black's, F,A. Hardy & Co,) 
11, Trial case Nos 4072 with a multiple Maddox rod and 1-1/2" lens. 
deyctrial Frame Noe 4157. 
13, One box square prisms No. 4112. 
14. Jenning!s color-test No. 1. 
15. Reeves! Wedge. 


Percent transmission and density of average wedge, 


M.Me 5 10 15 20 25 50 55 40 45 50 
Dene 0225 Perot 94 FTI S39 cen? pies 52085 2430 
%T, 59.74 34.28 19.84 12.14 7.20 4.06 2.40 1.38 — -2B3 250 


M.M. 55 60 65 70 75 80 85 30 95 100 
Den, 2:57 2.785 320 3428 32485 3.72 3,945 4.18 4.42 4.65 
mT 026 16 el 205 +03 202 Ol 0006 «003 .001 


16, Two retinoscopes with an 18 mn. plane mirror, 

17s One 36-Watt, 110-volt, frosted bulb, Edison Mazda Lamp. 

18, One iris diaphragm on stand (deZeng). 

19. Opaque shades for examining room. 

£0. One 5x8 filing drawer and 500 #1 cards and 500 #2 cards, with 
alphabetical index guides. 

21. One 4x6 filing drawer, 50 yellow tabbed cards, 100 blue tabbed 
cards, 150 salmon tabbed cards and 300 plain white ruled cards, 

22. Copy of % transmission and density for average wedge, 

23e Cony of cross filing scheme for ophthalmological records. 

24, Charts for recording the field of vision. LOO 

25. Charts for recording field of binocular fixation. 100, 

26. Jaeger test type, 6 sets, 

27. Reeves contrast sensitivity test object, 

28. One stereoscope and 2=A, 2-B and 2-C cards, 


The board requests that a full report of the work of the branch 
laboratories be made once a month, 


The ophthalmologists at the branch laboratories will be expected to 
do all the research work possible, keeping the problem of the stale aviator 
in mind and examining men who have had anaccident or are having difficulty 
in flying or landing. A letter should be sent weekly to the central labor- 
atory at Hagelhurst Field, Mineola, L,I. to the officer in charge of the 
ophthalmological department, reporting the progress of the ophthalmological 
work, giving details of special examinations made and any suggestions for 
improving the work. 
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INSTRUCTIONS TO THE PSYCHOLOGIST 


_ . ls The reactor is given the printed instruction sheet, which he is 
instructed to read carefully, while care is taken to avoid distracting his 

fattentions During the reading, the psychologist should be ready to explain 

‘any detail of the apparatus or method in which the reoctor may show interest; 
and after the reactor has finished, the psychologist further explains the pro- 
cedure and verbally emphasizes the important points in the instructions 


@» AS soon as rebreathing commences, the reactor begins to respond to 
the three sets of stimuli as presented by the apparatus under the manipula- 
tion of the psychologist. During the first three minutes of the test the 
psychologist shall ccach the reactor, if necessary, and estimates his com- 
prehension composure (freedom from excitement or nervousness), entering | 
thess on the record sheet then or later as good, fair, or pocr. He should 
also note the motor tendencies of the reactor, and if these fall in one or 
more of the convential categories, this also should be entered. 


In addition to these general tendencies, it is important that the 
psychologist take notice of the specific tendencies shown by the reactor, 
and if definite types of error are shown, watch during the succeeding 
five or six minutes for improvements in these details. 


Normally, the test continues until complete irefficiency is reached, 
at which point the psychologist must sharply notify the responsible medical 
attendant in order that the reactor may at once be given air, and so pre- 
vented from undergoing the collapse which would ensue in a minute or Sos 


8. The psychologist will record the typical change in the reactor's 
behavior, using the symbols which are given on the "symbol sheet", so that 
the recording will interfere as little as possible with the observing. 
After the.test is ended, the entries on the record sheet must be at once 
completed. 


4, Beginning at the 6th minute, and at three minute intervals there- 
after, the psychological work will be stopped for thirty seconds, to allow 
the ophthalmological and cardiac examination. It is important that the 
ophthalmologist keep track of the time so that he shall be ready promptly. 


5« The psychologist should endeavor tactfully to remind the reactor 
as to the general conditions of the test, particularly to remove or avoid 
the impression that the performance required is very Gfficult. Especial 
pains should be taken to restore the reactor's composure if he has previously 
been stirred up by a psychoanalytic or other intimate personal inquisition. 


6« All members of the unit must exercise caution that the reactor shall 
overhear no remarks, serious or jocular, concerning the difficulties, danger, 
results or other features of the test which might excite him or cause 
apprehension or concern. Trivial remarks frequently have a serious effects 
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INSTRUCTIONS TO THE PHYSIOLOGIST AS TO THE REBREATHING TEST. 
ee 


7 It is the physiologist's duty to provide dependable conditons for a 
rebreathing experiment. All interpretations of data obtained and tho final. 
rating of a candidate require that the oxygen percentage during and at the “. 
end of a:itest be accurately Imown. The analysis of the air in the tank at 
the close of a test must be exact. In order to have reliable analysis the 
gas analysis apparatus must be clean and the samples of air carefully taken. 


A perfect experiment requires that the rebreathing machine be in perfect 
order. Leaks of water and air into and from the machine must be avoided. 
Water may be flowing into the tank during an experiment through the inlet 
valve either because it is not perfectly closed or is out of repair. Water 
may be escaping through the outlet valve for the same reasons. Leaks of air 
may be due to faulty or improperly closed valves or to loose fitting mouth 
parts» Occasionally a candidate may be found who sucks in air and allows it 
to escape by not keeping his lips closed around the rubber mouthpiece, 


The movement of air through the rebreathing machine must be free so 
that the breathing of the candidate is not hampered. It is necessary to 
test frequently the resistence offered by the obsorption cartridge. 


The physiologist is also responsible for the obtaining and the inter- 
pretations cf all physiological data. These datg for the present include 
the frequency and volume of breathing, the pulse rate and the three arterial 
pressures, systolic, diastolic, and pulse, 


The respiration data are obtained from the kymograph record of the 
spirometer's movements. This record is almost valueless if there has been 
leakage of water or air during an experiment. The calibrating of the 
spirometer and the drawing of the scale should be accurate in order that 
the per minute volume of breathing may be determined with exactness. From 
the varnished kymograph tracing the volume of breathing per minute is cal- 
culated for as many separated minutes as will be found necessary in order 
to determine the curve of respiration throughout the experiment, The 
volume of breathing should be calculated by the physiologist and the amount 
and the time of each minute-volume written down and then handed to the 
"Dlotter" who will incorporate them in the final record, 


The so-called normal pulse and blood pressures aro determined threo 
or four times while subject sits at the machine with nose clip on and 
mouthpiece in places These normals should be compared with those of tho 
preliminary pucse rate and blood pressure study» A psychic influence 
should be avoided if possible. After rebreathing is begun the pulse rate 
is counted every minute and the arterial pressures determined every other 
minute until the 18th minute after which they are taken each minuto until 
tho ond of the experiment. The 0 space of the record sheet should be left 
blank and the determinations of the first half minute recorded on the line. 


The rule to be followed in making the determinations is to count the 
pulse rate in the interval between 20 and 40 seconds and to record the count 
on the half minute. The first count, therefore, will be recorded on the line 
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between O and 1. The systolic and diastolic pressures should be determined 
in the interval between 45 and 15 seconds by the stop-watch and recorded as 
having been taken on the minute. These should be entered on the record 

sheet in the space between the lines, the first determination in space le 
This system of recording will make it possible for the "Plotter" to indicate 
the time intervals with exactness on the chart. It is important that the 
exact time of the termination of the experiment be indicated on the circula- 
tion sheet so that the man who plots the record may correctly indicate with a 
heavy line the time the candidate was taken off, 


The physiologist should closely watch the respiration and circulation 
changes toward the end of the test and should inform the clinician when une 
favorable conditions develope 


In order that the ratings may be just to all the volume of air re- 
breathed should be large enough to req ire 30 minutes to reduce the oxygen to 
Th. To obtain uniformity in the rate of oxygen reduction the water level 
in the tank should be varied according to the size of the man to be tested. 
A larger volume of air is required for a large muscular man and a smaller 
volume, than that used for the average, for a small man. The nhysiologist 
Should decide what level of water in the tank of the rebreathing apparatus 
is necessary to provide the requisite time for the test, Experience will 
Soon make it possible to adjust the volume satisfactorily according to the 
Size of the candidate to be tested, 


RATING: When rating a candidate as to physiological responses take into 
account the per cent of oxygen reached and the time required for rebreathinge 
Ordinarily a lower percentage will be tolerated when the fall in oxygen is 
rapid and the run short than when the falll in oxygen is slow and the time 
long. If two candidates who both endured down to seven per cent oxygen, 

one reaching it in fifteen and the other in thirty minutes, are being rated 
it would be unfair to the man who made the longer run to grade him. on the 
same basis as that of the short run. This is the reason for demanding that 
all candidates be given a sufficient volune of air for rebreathing to in- 
sure a run of twenty-five to thirty minutes. 


In rating take into consideration also compensation in the breathing 
and circulation, The reaction of respiration will be recorded as poor, fair, 
good, or excessive, The majority of the men examined have shown at between 
eight ard six per cent of oxygen, an increase of 5.5 litres in the volume 
of air breathed. 


Such an increase is rated good, an increase of fifteen or more litres 
is regarded as excessive. The respiratory response is most marked after 
12.5 per cent of oxygen has been reached. ‘The increase in the frequency of 
the pulse rate for the majority of men who have reacted well has varied be-« 
tween 20 and 40 per minute at about eight per cent of oxygen. An accelera- 
tion of more than fifty may be regarded as excessive. The degree of 
acceleration is ordinarily slight until the oxygen has fallen to between 
13 and 9 per cent, but from these dow the acceleration occurs rapidly. 

The rise in systolic pressure usually is not more than 20 millimeters, a 
greater rise is considered excessive. A diastolic pressure fall, when it 
occurs, will be either a slow controlled drop or of the rapid fainting type 
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which ig often spoken of as a break in the cirdulation. 


Candidates are rated "AA" if the compensations are good down to 7 per 
cent or less and "A" if good to between 8 and 7 per cent, They are rated 
"B" if the compensatory mechanisms show decided insufficiency or failure 
between 10 and 8 per cent and "Cc" if the failure occurs above 10 per cent 
oxygen. The physiologist rarely finds reason for placing a candidate in 
Class "DY. A high systolic pressure, 150 millimeters and above, through» 
out the greater part of the test disqualifies the candidate for class "A" 
no matter whether he compensates well or not, | 


THE PRELIMINARY PULSE AND BLOOD PRESSURE STUDY; ‘The candidate reclines for 
five minutes, The heart rate is then determined by counting the pulse rate 
by twenty second intervals, Counting should continue until two successive 
intervals give the same result, The arterial pressures are then determined» 
The candidate then stands, the heart rate is counted as before until it 
reaches a constant rate, when it is recorded and the blood pressures then 
taken. 


The candidate then raises himself, by placing his right foot 6n a chair, 
five times to the stahding positioh on the chair, The pulse rate, with the 
candidate standing, ib. immediately counted and as soon as possible there- 
after the blood pressures are determined. The candidate stands at ease for 
two minutes, after which the pulse rate and the blood pressures are again 
determined. | 


The purpose of these observations is to determine whether the candidate 
shows evidences of staleness. In the physically fit the heart rate does not 
increase much on standing, but in the wearied or physically stale it increas-~ 
és as much as 44 beats per minute. The vasomotor control of the splanchnio 
area responds to changes in posture. In the fit subject the splanchnic 
vasotone increases and the blood pressure is raised about 10 millimeters 
when he moves from the horizontal to the upright standing posture. Weakness 
is shown by a decrease in blood pressure and at other times by an excessive 
increase in the heart rate. A great acceleration in the pulse rate follow- 
ing the exeruise is also a result of staleness, The systolic pressure should 
return to normal within two minutes. The subnormal pressure, and the length 
of time it continues after exercise, has been attributed to lack of condition. 


PREPARATION OF THE HENDERSON REBREATHING MACHINE. 


(1): Flush the tank to remove all vitiated aire Do this as follows: 
Close the gate valve under the C02 absorber, and also the valve in the re- 
turn pipes Open the valve on the spirometer pipe. Open the inlet valve 
of the water system and allow the tank to fill slowly. When the tank is 
full, raise and lower the spirometer drum several times to change the air 
in its dead space, 


(2) Fill the tank with new air as follows: Open the gate valves in 
the air pines and close the valve in therpirometer pipe. Let the water drain 
entirely out. Set the valves as before and refill with water a second time. 
Let drain as before to the disired level. 
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(3) Set the machime for the start by opening the valves in the air 
pipes and closing the valve in the spirometer pipe. 


(4) Sterilize the mouthpiece by bringing it to the boiling point. 
See that the corrugated rubber hose is clean and dry. 


PREPARATION OF THE RECORDING APPARATUS. 


The excursions of the spirometer indicate the depth and rate of 
breathing of the subject. A fish-line connected to the top of the spirometer 
runs over a pulley and fastens to a counter-balance for the spirometer can. 

A writing point is attached to the counter-balance and records the respira~ 
tion on the smoked drum of the kymograph. The writing point is best cut 
from celluloid film, The angle of the point should not be less than 60 de- 
grees because very acute points twist easily. The point may be attached to 
an aluminum stylus by means of beeswax. 


f. Signal magnet, provided with a writing point and connected in series 
with two cells and a clock interupter, records equal intervals on the re~ 
volving drum - usually half minutes. 


SMOKING THE DRUM. 


Lay the kymograph paper on the table, glazed side down and glued end 
awaye Hold the drum with the top to the right and lav it across the middle 
of the paper. Bring both ends of the paper toward each other, letting the 
glued end overlap» Glue it firmly to the glazed side of the unglued end 
‘so that the paper is wrapped tightly around the drum. 


_ Smoke the drum over a four inch single burner oil stove, or a fish- 
tail gas burners Hold the axis of the drum in each hand and let the drum 
revolve rapidly toward you, moving the drum from side to side at the same 
time. Smoke it only until it is coated LIGHT BROWN. 


Arrange the drum so that the writing point attached to the spirometer 
and that of the signal magnet will mark evenly on the drum. The stylus of 
the signal magnet should be about one centimeter above the lower edge of 
the drum and about one centimeter in front of the spirometer stylus. 


OPERATION OF THE MACHINE. 


Let the subject sit so that the mouthpiece can be held comfortably 
in the mouth without twisting or pulling in any direction. Close the signal 
magnet switch. Start the kymograph. See that the valves in the pipes are 
open and that the gate valve in the spirometer pipe is closeds Put on the 
nose clipe The Physiologist will start the experiment by putting the cork 
in the mouthpiece at the end of an expiration. The stop watches should be 
started at this time, 


As the experiment progresses, the oxygen from the tank is used up pro- 
gressively. The sirometer stylus will write nearer the top of the drum. 
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Open the inlet valve in the water system and let a little water flom/into 
the tank - sufficient to bring the writing point nearly to the bottom of 
the drum. Repeat this as ofteh as necessary. 


When the experiment is ended, close the valves in the air pipes until 
the air samples are taken, 


Write the name of the Subject, date, and type of experiment on the 
smoked drum. It is also convenient to record the oxygen nercent. Remove 
the paper by cutting through the outer sheet at the laps Do not cut through 
both sheets and scar the drum. Hold the paper by each end, smoked side up, 
and pass it once through a shellac solution. Hang it up to dry. 


CARE OF THE APPARATUS, 


LEAKS. If a leak is suspected from the character of the respiration 
record, first see that the valves of the water system are closed. A leak of 
water into the tank through the inlet valve will make the lower level of the 
respiration tracing approach the horizontal. A leak of water out of the tank 
through the drain valve will make the record approach the perpendicular, 


Leaks of air out of the system most frequently occur around the mouth- 
piece. It may be necessary to tape the rubber portion to the metal parte 
Leaks of air around plumbing joints may be stopped by using white lead or 
heavy paint, 


THE CO2 ABSORBER. This is a cylindrical paste board carton filled with 
Shell sodium hydroxide. This cartridge is contained in a steel case and is 
easily replaced, It is effective in removing C02 for about 200 to 240 
minutes of rebreathing. If the cartridge becomes very warm or the subject 
breathes excessively, do an. analysis for CO2 and if it is present, re ject 
the cartridge. Before each experiment the resistance of the cartridge to 
expired air should be tried by blowing through the cartridge with the air 
valve below it open and the other valves closed, The Spirometer can be 
easily raised if the sodium hydrate is not caked. 


When a new cartridge is inserted, punch both ends full of holes with 
a@ pencil, put the loose brass ring inside the lower rim of the paste board 
cartridge, put the rubber gasket around the outside of the lower rim, out 
the cartridge with the marked end up, into the steel case and tighten the 
thumb screws. Do not use a cartridge without a brass ring and always remove 
brass ring before rejecting a used cartridge. 


SHELLAC, Make a saturated solution of powdered shellac and denatured 
alcohol containing about one teaspoonful of castor oil to each two quarts of 
alcohol. The mixture should be shaken thoroughly and a residue of undissolved 
shellac should always remain in the bottom of the bottle, If the records 
appear running after shellacing, the solution probably needs more shellac. 

Do not allow the shellac to stand exposed to the air except while it is being 
used. The castor oil makes the dried record more flexible. 


KYMOGRAPH. The kymograph consists of an aluminum drum revolved by means 
of a clock work at its base. The drum slides ona brass sleeve and is held 
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at any desired height by a spring clip. The sleeve ends in a friction plate 
which rests on a metal disk driven by the clock work. The sleeve and friction 
plate revolve about a steel shaft whith passes through both of the heavy plates 
containing the clock work and is bolted at the bottom plate. At the top of 
the sleeve is a screw by means of which the drum and sleeve may be lowered 
until the friction plate rests upon the metal disk. It is always used in 

this position when driven by the clock works 


In the clock work is a pendulum and a ratchet wheel which provides for 
a slower speed than can be obtained by any of the fans, It may be throw 
in gear by raising the pin in the gear peg out of the hole in which it rests, 
When the screw near the fan pinion is screwed dom the clock work operates as 
a medium spring kymograph. When this screw is up the drum revolves approsimate- 
ly once an hour, which is the speed used for rebreathing work, 


CALIBRATION OF THE S PIROMETER. 


In order that the volume of air breathed during any period may be de- 
termined, the relation between the definite volume of air breathed and a 
certain linear measure (one centimeter for example) on the kymograph must 
be established, es 


To calibrate the spirometer, remove the can and fill it with water to 
a denth of 25 centimeters, measuring with a graduate the amount of water used, 
If a litre or cubic centimeter measure cannot be obtained, use a quart or a 
pint measure. (1 qt. equals 1,36 litres, - lpt, eguals 0,568 litre. - One 
fluid ounce equals 28,66 cubic centimeters). Divide the volume in cubic 
centimeters by the depth of the water and the quotient will be the volume 
contained in the can per centimeter of length, ‘To make the relation scale, 
let one centimeter be equivalent to the volume determined above. This may 
be attached to the spirometer so that the pobnter will pass over the scale 
on each respiration. Or it may be used for plotting. 


THE HENDERSON-ORSAT GAS ANALYZER. 
DESCRIPTION OF APPARATUS. 


The apparatus consists essentially of a 25 cc. gas burette with a bulb 
containing about 17 cc. and a tube below graduated from 18 to 25 ccs in 0.02 
COs, so that it can be read easily to 0,01 cce Phe lower enu > the burette 
connects with a temperature control tube similar to the gas buretce, but not 
graduated, and a leveling bottle containing 1 % to 2% sulnhuric or other acid 
in 50% alcohol. The top of the burette communicated (by means of a capillary 
tube) with an absorber for carbon dioxide containing 10% Sodium hydro xide, 
and a similar absorber for oxygen, containing a solution of pyrogallic acid 
in nearly concentrated potassium hydroxide. 


There are four glass stop-cocks which must always work freely. A two 
way stop~cock is situated on a "T" just above the gas burette by means of 
which a sample may be taken and a contaminated sample expelled. A one way 
stopcock is situated just above the bulb of the control tube and should 
always be kept closed during an analysis. A one way stop-cock is situated 
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above each of the absorbers and should always be kept closed except when the 
particular absorber is in uses 


Around the two bulbs is a jacket which is filled with water at room 
temperature. The water in the jacket can be mixed by blowing air thru a 
glass tube passing to the bottom. It is important to keep the water thorough- 
ly mixed in order to insure the same temperature and water vapor tension in 
the gas burette and the control tube at the time of an experiment. 


USE OF THE APPARATUS. 


1, Before an analysis is begun it must be assured that the capillary 
_tubes between the gas burette and the absorbers contain nitrogen. ‘his is the 
case after an analysis for C02 and 02, and it may be necessary to do an anal- 
ysis for this purpose. 


2. At the beginning of an analysis the level of the sodium hydroxide 
and the alkaline pyrogallate in the absorbers should be a certain height marked 
by a wire. The level may be adjusted with all the stop-cocks closed, except 
that to the particular absorber in which the level is being adjusted. The 
_ levelling bottle is carefully raised or lowered and the stop-cocks closed 
when the meniscus of the fluid comes to the wire, or the wire may be set to 
the maniscuss After an absorption the level is again adjusted to the wires 


Se The level of the fluid in the control tube is next adjusted. A 
Strip of millimeter paper is pasted on the leveling bottle. The top of the 
gas burette and the control tube are opered to the outside air. The level- 
ing bottle is lifted a short distance so that the level of the fluid in the 
control tube comes somewhere between 24 and 25 on the scale of the gas burette, 
The level of the fluid in the control tube and that in the leveling bottle 
should be the same and the point is marked by the sliding wire. The stop- 
cock on the control tube is then closed and kept closed during the remainder 
of the analysis. 


4. The stop-cock at the top of the gas burette is open to the outside 
air and the leveling bottle is lifted until the gas is expelled from the 
burette and a few drops of fluid run out. The stop=cock is then turned so 
as to communicate with the source of gas and a sample is then taken by lower 
ing the leveling bottle. The sample may be driven back into the collector 
several times to insure a representative patione The stop-cock is closeds 
The time is noted at which the column or fluid falls in the gas burette and 
no reading is taken until exactly two minutes have elapsed. This is to in- 
sure proper drainage or fluid from the inside of the tube. If large drops 
stand on the inside after two minutes the tube needs cleaning. 


5» Before reading the volume of the sample, or later when reading the 
volume of the residual gas in the burette, the leveling bottle is moved up 
or down on the control tube until the level of the liquid in the control 
tube comes to the wire. By means of the millimeter paper strip, note is” 
made of the height abuve or below the meniscus in the control tube at which 
the bottle must be held to bring the gas in the control tube to its original 
volume {at the wire), The leveling bottle is then held at the same height 
above or below the meniscus in the burette and a reading taken. In this way 
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the gas in the burette can always be brought to the correct volume per 
molecules 


6» The sample is now driven into the C02 absorber. (Samples from the 
rebreathing machine shovld nct contuin CC2, so this step may be omitted and 
the 02 ahsorption carried out direstly), With the leveling bettle above the 
level of the fluid in the buretts, the stop-.cocok above the CQZ absorber is 
opened and the bottle lifted in order to drive the sample into the absorbere 
The gas is driven over ¢ignt or ten times, after which the bottle is lowered 
carefully until the level of the sodium hydroxide in the capillary tube comes 
up to the wire. he stup-cock ig closed. A reading of the remaining volumex 
is taken in the usual manner after two minutes, The difference in volume 
divided by the original volume and multiplied by 100 gives the percent of C02 
in the samples 


7. ‘The oxygen absorption is now carried out in a eimilar manner, the 
level of the alkaline pyrogallate being brought back to the wire and the stop- 
cock closed before a reading of the residual volune is made, This volume sub- 
tracted from the volume semaining after the Co2 has been atsorbed (or from 
the original volume if the sample is ordinary uncontaminated air) gives the 
volume of 02 in the sample, which, when divided by the original volume times 
100, gives the percent of OZ in the sample. 


Example ; Volume of sample 24.400 


After C02 absorption 22,02 

1e48 = 6.17% C02 
After O02 absorntion 19,14 

3.00 ~ 14.08% O02. 


SUMMARY OF THE PROCEDURE FOR AIR ANALYSIS. 


1, Be sure that the capillary tube contains nitrogen. 

2. Bring the level of the sodium hydroxide and the alkaline phrogallate in 
the capillary tubes to their respective wires, or set the wires to the meniscis 
Ss Set the level of the temperature control tube. 

4, Take the sample, 

5. After two minutes read the volume of the sample. 

6s Absorb the C02. Bring the sodium hydroxide to the wire. Read the volume 
after two minutes, (Sampies from the rebreathing machine do not erdinarily 
contain COZ so this step may be omitted). 

7, Absorb the 02 and bring the pjrogallate to the wire. Read the volume 
after two minutess 


CARE OF THE HENDERSON-ORSAT APPARATUS» 


CLEANING; 


Whenever large drops. stand on the inside of the glass burrette and 
temperature control tubes/or three minutes after the fluid has fallen, it 
4s an indication that the tubes need cleaning. This may be done by drawing 
cleaning fluid into the tubes. The tubes must first be drained by opening 
the stop-cocks, lowering the leveling bottle and disconnecting it. The 
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fasteners at the top and bottom of the burette should be removed and the 
rubber disconnected at the top of the burette, This will allow the burette, 
control tubeeand jacket to be moved forward in the slot as one piece. The 
lower free ends of the two tubes may then be put in a beaker of eleaning 
fluid and the solution sucked up by means of rubber tubing attached to the 
top of the tubes. This solution should stand in the tubes several hours or 
even over night. All traces of cleaning fluid are removed by repeatedly 
filling the tubes with water, 


The capillary tubing may be cleaned, after cismounting it, but washing 
it out with cleaning fluid, rinsing it with water, and drying out with alcohol, 


: FORMULA FOR CLEANING FLUID: 


The cleaning fluid commonly used consists of a strong solution of 
sulphuric acid in which potassium bichromate is dissolved, A layer of solid 
bichromate should always be kept in the bottom of the bottle. This solution 
can be used over and over again. 


STOP#C OC KS : 


The stop-cocks should always work freely, but should never be loose 
enough to leaks A light layer of vaseline or preferably of a lubrication 
mixture, should be rubbed on the stop-cocks. Too much lubricant is liable 
to plug the capillary tubes. A good grease is made by melting vaseline and 
bees-wax in the proportions of 3 +o 1. Another formula is as follows: 
(Dennis, Gas Analysis, page 115), 


1, Melt together 12 parts by weight of vaseline and 1 part of paraffin. 
Do not heat enough to give off fumes, 


2, Take parts by weight of finely chopped soft black rubber. 


Add Noe 2 to No 1 slowly as the latter is dissolved, while heating 
_ over a low flame. When most of the rubber is added, test it by pulling it 
between the thumb and fore-finger. When it is of the right consistency it 
Should pull into cobswebby threads. 


RUBBER CONNECTIONS; 


Rubber connectiong pieces should be removed before cleaning fluid is 
usede If the rubber sticks to the glass, it may be loosened by inserting the 
point of a pen knife between the tube and the glass. A drop of water put under 
the knife blade sometimes helps. New rubber connections will slip on easily 
if the end of the glass tubing is moistened with water. 


If a leak in the system is suspected, raise the leveling bottle until 
the sample tube is filled with about 18 cc., close all the stop-cocks and 
lower the leveling bottle as far as possible. Readings of the maniscus from 
time to time will be the same if no leak is present. If the level of the 
sodium hydroxide and the alkaline phrogallate in the capillary tubes will not 
stay at the wire when the stop-cocks are closed, either the rubber connections 
or the stop-cocks are leaking. 
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Red rubber should not be used on the connections where alkali will 
touch it, as it gives off sulphur, which may finally appear as hydrogen 
sulphide, in the burette. 


It may be necessary to make the rubber connections tight. This may 
be done with a flexible wire, or more conveniently with rubber bands. Loop 
the band around the rubber tute, pull tight, and wrap the free end around 
the tube several times, finally passing it under the wrapping with the aid 
of the curved forceps. 


A check on calibration, tightness on joints, and the efficiency of 
absorbents can be made by analyzing atmospheric air. If the apparatus is 
properly graduated and in good order, the sum of the oxygen and the carbon 
dioxide in uncontaminated atmospheric air should be 20.96%, 


The scale etched in the burette tube may be made more visible if blue 
crayon is rubbed on it and a piece of white paper put behind it but not 
pasted on the buretie. 


The analyst must remember that the accuracy in the use of the apparatus 
depends more on making sure that absorptions are complete than upon extreme 
effort to read the burette as finely as possible. It is essential, therefor, 
after an absorption is supposedly complete, to pass the gas over again into 
the absorbent and make another reading to be sure that no change occurs, 


SOLUTIONS USED AS ABSORBENTS: 


A 10% solution of sodium hydroxide is used to absorb C02. A 10% 
solution signifies that in each 100 grams of solution there are ten grams of 
the substance dissolved. Weigh out about 10 grams of sodium hydroxide and 
add water to make 100 ccs 


The absorbent for oxygen consists of pyrogallic acid in a nearly cone» 
centrated potassium hydroxide solution in the proportions of 10 grams of 
pyrogallic acid in each 100 ace of KOH of a specific gravity of 1455. An 
hydrometer may be used to make up the KOH solution, or 767 grams of 1000 cc. 
of water gives a specific gravity of 1.55. 


The absorber should be about two-thirds filled with the absorbent, and 
a one quarter inch layer of liquid petrolatum should be used to protect the 
absorbent from the aire One filling with alkaline pyrogallic will last for 
more than 100 analyses, When the 02 absorption becomes sluggish, the pyro- 
gallate should be changed, but mere standing in the pipette does not cause 
44 to deteriorate. The pyrogallate should be made more exactly in the manner 
described for both weaker and stronger solutions do not absorb so wells 


In renewing the sodium hydroxide or the alkaline pyrogallate, care 
should be taken not to get the oil on the absorbing surfaces, This may be 
avoided by first removing the oil witha pipette. Or it may be necessary to 
siphon off the greater part of the old solution through the capillary tube, 
In this case, the lower surface of the oil should not be allowed to come to the 
lower edge of the absorbing tube. New solution may then be added through the 
capillary tube and the oil will remain on top and inside of the absorbing 
tube as befores . 

It has been found convenient to use in the leveling bottle a 1% to 
2% sulphuric acid solution in 50% ethyl alcohol. The alcohol reduces the 
surface tension and permits more rapid and thorough drainage. It also acts 
as a self cleaner for the burettes. 


me 4.84 1118 


rei: ak is ee sia wt 
nega * Sota ‘LRA yok SALOH ei 


! “wa Aa whe 2 ye sn o. mt a ; 
fie sae 8 PM a Ra a ea 2 OV WO ea 
Diokisge tah ae - eashe't op ers aad ah ata wie 


ne ‘igual, ate: a sie 


ms “ee miles 


ot aie ue 


ek iach cai ais ‘ae sbi: we / diniteady pee # 

ea Peas beer yes emit > ee eee Peden Lic ep pitemlann ud gai 
Aiea. gRt ate By 3 wee: i wi Nebig hoy nd baie 
hse inal oF fekaaerds ths of wtonodtds bode 


diel Yee OLE Par. eee thi a. eins sae whdiriid ont oe Saed aE ; : 
Stat ‘stad ve Rebtel the: es, aoide Tp aosky 6 dam dAdo Redtaity a 
Hise seeing nib i) 


aritibeacts aed Re ir with wa ieiliiesy's itt ened rolateters Byer So io, 
“Stier tice “nacho peg chelated -S4u Bie tse sods dinette ces) urea bes ahaa 
eeOarsad | fat iawe: ae eT waht saan te Vboelt oc ono Oh be. 
Cul GES TON ga ay She ae ee ineas yi bance te (Od Copainatin: a 
soYvone. aia ‘ian iad nara. wy oF atte ii a ape ‘Dep si 


ee as ae ; iia Be i + plietbata 26 aint 


MOL A 2 SOO) diana: wi: bats ee dheocinis sarthna % pees: ROE. a 

Shetg med oie ortadd 1k Mited eawte PL. Moog, me: Anat. ao xt bade: nee 

bers SHOne iain te. a: AGS. aad fase Aophiaey vhavigng tb: Tt 
feo pe Colds eae “Bhai ta east ‘+90 OOK aie 6 


wei, sitcom @ Ae bap ae tii nas th to Btetanbs neyo viet tondvoede: at Wh 
te wig Of to: ana bitadieie: ade Hd, mebdutoe obtxo thysl maiteete dy: f 
MR 2Gled le ei eesie ae tions 2 be BOR to son LOL Howe me fsa 
soe < Toor ‘to tue Se Tay oe ope. te itukon FIOM: eid oe cae ot hese: nt eat 4 on 
a viliad: ie ye teatg peer. * sites) sci 


Sie dhePinets ah? ld ter bet tis abrlstdcin ‘sua ad ‘Bhained 

ai? Cootory ot bead of Hives mmatatoition bhaakl te agg Eg 

"ok duns iLiv obitagoivy and litin dade. BALLLZY end, mbes 

Caw ody etetnpile pomobed no teqiomdia’ SQ edt pect g 

Bimies ton eaat qiegay eld iid Sitt braee eee tad be 

TORMaR OshF AL TEI GAK ‘O%G5; ena edd BL inact etal Lavoneg oe 3 
ehh gu 8 droads Jeon a ane iihsiow ‘tego 4 iad y ase 


siny  ebalt tipo nie eibtett« end V0 chbcaosieel See a 

ite Ee + pty ale wetdsonita oft to Dito wre ‘eq OF. don 

ae, Praeseten ed Yat SE NO. petthatte 6 eld te fbn oni co ee 
WIRE ted S Basie ot Hurts la ar Ott by: Pe 
PO @ Sein 04 havetie oa see BL gs : ae 

2 a Rilpeortcl? patibie ad pedir ‘gor HOR 
| es ‘Bele to IBS m {3 


gd Di ay: 


peice iN se ha ‘ 


] oe ead Ap 1 


Edward Ce Schnolidor, llajor, Sanitery Corps, Ne Ae 


and 


Goorgo We Donnis, 2d Lioutonant, Sanitary Corps, le As 


THE RELATION OF VITAL CAPACITY AND POWER 70 HOLD Trg 
BREATH TO ENDURANCE OF LOW OXYGEN, 


VITAL CAPACITY AID INTESTIVAL GASES AT HIGH ALTITUDES. 
VENOUS PRESSURE. | ; 

VAS@IOTOR TONE AND ENDURANCE OF LOW OXYGEN. 

TR PULSE RATE AND BLOOD PRESSURES AFTER PHYSICAL EXERTION. 


OBSERVATIONS Ol THE EFFECTS oF FLYING UPOM THE PULSE RATE AND 
THE ARTERIAL PRESSURES. 
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. BY 
Edward C, Schneider, Major, Sanitary Corps, N. A. 


THE RELATION OF VITAL CAPACITY, 
POWER TO HOLD THE BREATH AND HNIDURAICE oF LOW OXYGEH, 


The Eaglish suggest the rejection of all condidates with a vital cap 
acity below 3,000 cc,’ end viow with susdicion all bolow 3,400 CoC. Tho cam 
didate also should be able to hold the breath a minimm, in three times, or 
45 seconds,’ They find that good pilots manage 60 seconds or more. If dizz: 
ness, blurred vision, otc., occur under 40 Seconds, they reject the candida’ 
no matter what the vital capacity may be. A further test often applied is 
to have the candidate hold tho breath efter the moderate exercise of stoopix 
anc touching the floor four times. After the onxercise the candidate should 
be eble to hold the breath 30 soconds. Good pilots hold at least 40 seconds 
generally betweon 50 ong 60 seconds. lione of the men examined by us had a 
vital capacity loss than 3,400 cc. Four who were unable to endure a lov per 
centage of oxygen in the rebreathing experiments had vital capacities sain 
botween 4,400 and 5000 Ge, In view of ow observation it appears that the 
Vital capacity docs not serve as m index for the approximation of the limit 


of endurance of low oxygen (see following table prepared from observation on 


50 men} 4 


Holdings of breath Lowest 
Subject Vital Capacity before after a ie Danger 
exercise §§§ exercise oxygen, percentage. 
ween eee Sata “  .  SnOUr ed. y) 
An. 4200 40% Ran 6,8 not reacis ¢ 
Br 5000 75s 504 8,4 10 ; 
Be 4600 80" 58° 92 9.2 
ol 5800 az 5Qu 6.6 oo. 
P 4,500 LO7* Bait 9.8 11,5 
For 4350 = Tai er 2 its 
Gin 44.00 60) 54H 6.8 not reached 
Kr 3800 716i 4,041 8.8 ss la 
Pax 5200 56" 57? 665 a: 
Rec ™* 4500 62H od Tia 1.5 
Soh 4750 = BARE 748 bad ton 
Say 4700 8 60" 2A 6.7 aa 
a 565@ 62: 52: Cina eee 
¥ 4200 293 20" ioe net redshed 
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An. with a vital capacity less than that of Br, Be and Fin. had not 
completely reached the limit of endurance at 6.8 per cent (28,400 fect}, 
while Br. failed at 8.4 per cent (24, 000 feet}, Be. fainted at 9.2 ver 
cont (21,800 fect}, and Fin. at 9.8 por cent {20,000 feet), | Compare the 
last three with Cl.« whose vital cayacity was only 5800 cc. and who endured 
Lov ox “700, Cowm to 6.6 par cent. 

Tho tongth of time the ‘lear was held did not give an indication 
of how lav in oxygen the subjcct rould go on the rebreathing apparatus 
Pin. and Be, who fainted at 9.8 par cent (20,000 fect} and 9.2 por cont 
(21,800 fect}, respectively, held the breath longer than the average. 

An., Who managed only 40 seconds, withstood 6.8 por cont oxygen (28,400 
foot) and We, who held only 29 seconds, onduxred low onygon down to 745 


por cont (26,000 fect). 


VITAL CAPACITY ANB DITESTMMAL GASHS AT HIGH ALTITUDES: 

That vital capacity of the lungs decreases with lowering atmospherix 
prossure hes long been. established by investigations carried om in this” 
country and abroad. The cause of the deeroased vital wapacity at high 
altitudes has not, Ne beon wholly determined. That oxygen want 
plays 3 ah ae, this as well as in other physiologic Low pressure symptoms 
seems, frou bas own investigations, to be practically certain. That 
oxygen want alone is not wholly responsibdls seems ecually certain. 

For our investiga ations we used. a simole water spirometer with a 
capacity of about seven Litves. The work was done tm the low pressure 
chatiber under conditions simuloting those encountered at altitudes ranging 
between sea~level and 22,000 fect. 


First a series of observations wes made in which the subjects 
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weve takon to 20,000 foot without oxygen to determine the emomt of 
deereass in vital capacity. Im seventoon cases the averago decrease was 
«48 litres, approximately 10 per cont, the naxime 1,08 litres, 25 per 
cent, and the minimm .15 litres, 3 per cent, A woll defined decrease 
Coes not occur below 10,000 feet; the majority of men seem to hold on 
well to 12,000 to 14,000 foot. In this connection it is interesting to 
no to that three mon, who have lived most of their lives at altitudes 
above 5,000 foot, retained their normal vitel capacity to greator alti tuce. 
then did the men, Who hal always Lived at low altitudes. In one the ew 
break came at 14,000 feet, the second lield to 16,000 feet, and the third 
wes still normal at 18,000 fect. On the other hand several, whose homes 
had beon at less than 1,000 feet, showed a decreased capacity at 10,000 
fest. 

A second series was rum in which the subjects took oxygen throughou 
the experiment and in this Serios there also occurred a Gecrease in vital 
capacity, In six eases, going from seamlevel to 20,000 feet, the average 
decrease in vital capaciity was 220 litres, or 4.5 per cent below normal. 

A uuuber of men were taken to 20,000 feet without oxygen. At that 
altitude they were given oxygen and held a sufficient length of time for 
the oxygen to effect the system. ‘The usual decrease to 20,000 feet withow 
Oxysen wes observec. When oxygen was administered a devinkte and wiistats 
able retuwen toward the normel was noted butin no case did the readings at 


20,000 feet aqual the normal readings at sea-level, In a siudy of siz 
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cascs the following data were obtained: 

Average Ve Ge at BEOrLEVAL a «:ainsie's- tice ava wenes agit 

AVOT2£0 Ve Ce at £0,000 feet without US Hos awk hn oe 

average Ve C. at 20,000 fect arter taking O5.. 4,23 

That: the aviator may be distressed by an abdominal bloating due to 

expansion of gases in the intostine during en ascent has beon sugcested. 
The gescs accwuulatod in the digestive organs oxpand as tho oxterne] 
pressure falls so that at 18,000 foot, that is half an atmosphore of pres- 
suo, tho gases in the digestive organs will expand to double their volwne 
This may load tO an unpleasant pressure on the abdominal wali ang diaphragz 
end this, it has boon Sigeosted, might cause difficulty in breathing by | 
foreing up tho diaphraga and thus decreasing iia iin’ ‘ehithha thoracic 
cavity. When gas forms continually in tho cigestive orgons in consequence 
of @ diot rich in carbohydrate foods, such as sugars, green vogotablas 
and others that are easily fermonted the decrease in vital capacity might 
be expected to be greator than in the sag a whom little or no formontation 
is occurring. Carofyl Study of this condition foiled to ostablish any 
relation between abéuminal bloating ené the decroase in vital capacity 
during experiments in the lew pressure chamber, it was found that the 
abdominal nieasurelicn ts may vary greatly at any singlo pressure whilo the 
Vital capacity remains constant, Belchins or otherwise releasinz the 
cigestive gases reduced the abdominal moasurcments, and materially relioved 
the distress of tic subject without causing any noticeable change in the 
vital capacity... 


The decrease in vital capacity of the lugs appears, therefore, to t 
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_ largely due to tho oxygen vent.of high altitudes and not to be caused by 


gee 


the pushing. up of. the diaphréen by the expanding gases of the intestine, 
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5. 
VENCUS PRESSURE: 

For the detormination we used a tilting tablo which made it cosy to 
study the subject in tho horizontal vosition. ‘The subiocts of our studios 
were officers ang cnlisted men of the Laboratory, presumably normal mon. 
The method of study was adapted from tho wovlt of ¥,. Hondewson, Prico and 
Haggard, 

Venous pressurc was determined by noting the height to which tho 
arm Souid be lifted bofore some prominont bit of voin in or noar the 
hollow of the olbow collapsed. and comparing this «ith tho height of tho 
~Oint of referenee between these two Lovels , read in centimotors, gives 
tho yonous pressure dizectly in continctors of blood,’ 

Tho point of reference was taken as 5 centimaters hele tho levol 
of the nipple aad this level was carricct. avay frou the best by means 
of a Simple spirit level. Measurements were read on a centineter mule 
suspended from the coiling. 

The data on the venous pressure study, though meagor as yot, aro 
sufficient to show that with an inerease of altitnde there is a cecreaso 
in venous pressure, This change in venous pressure shows great individuel 
variations; ranging from 4,1 per cent to 104.0 per cent drops, Gnly one 
case showed a final rise in venous pressure. After a drop from 8.3 conti- 
meters of blood to 5.5 centimeters of blood the pressure started to rise 
ent ca.tinued to rise until the end of the experiment, 

Out of nine cases the one mentioned above was the only one that 
did nof$¥ show a lowered venous pressure wider decreased oxygen. In many 
casos the pressure showed a tendency to decrease with the first indications 
of lowered oxygen percentage. Others did not rasyond until the oxyrzean had 
reached about 13 per cent to 14 per cent after which the pressures drepped 
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quite abruptly to the end of the Shor inch 


From eight cases studied with the Droyer Apparatus the following 
data werd. omplltds | 


: Horrial Fall In : % Fall 02% 
: Ve? y VP : : 

: 8,75 ome blood : 9:05 om,’ blood ; 20KO 4 AOR 
: 6s 45 “ : 2,40 : a7ee 7.5 
: 4,48 ™ er ase " - "22 ye 8.5 
H 9070 a : ie P : 6225 ve i M 64.5 : 6.6 
> 2440 ~ -a woe ” 2 °° 25,6 10,0 
ae Oe 7.3 
+ 6.50" eae Dee " 7° S50" 8.7 
: $288 tt a" er 228 i TF) : Ask : | 8.63 
, 6.42 " 4 2 3, , 8443 


The above: statis bear out rather well the finiisss of Schnoider and Sisco 


in their. Pike's Peak investigations, and indicate that the reactions ob- 


Served. in. the xvebroathing tests are the result of the same cause, low 


Oxygen. 


VASQHOTOR TOUE AID ENDURANCE OF LOW OXYGE: 


_ Since physical, fitness has been found to influence profoundly the 


_, ability of men to endure low oxygen it was thought that Crauptonts "blood 


ptosis test" might be used to approximate the, altitude the aviator could 


tolerate. . The vasomoter mechanism is easily wearied and .damaged by 
unhygienic influences, The fact that ths vasomotor control of the splanchnic 
area in man experiences a change.of adjustment when the body is moved from 
the horizontal to, the upright Standing position has been used by Crampton 


to, devise a percentage scale of vasomotor tone for rating. In Vigorous 


‘Subjects. the heart rate does not increase.on, standing but in. wearicd 


_. Subjects it increases as much as 44,beats per minute, In a perfectly 


strong subject. the splanchnic vasotone will inerease on Standing and raise 
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the systolic JbLood Prosswe about 10 millinotors of Hg. whilo in on 

individual woakenod by dissing ation, overwork, or lack of &loop tho 

orosswwo will ‘tond not. to riso but to fall. @o ost imate tho resonator 

tone the sulse rete onc. the Systolic pressure aro dotornined on 2 sub joct 

aftor roclinin:; five minutes aud ac gain after he is reauired to stand. 

A subjoct Sono tinos may show weakness. by 2 dacronso in blood Drossuro 

and at other times by an increase in hort. rato, and vico versa. It was 

| dgtormined that a decrease of one mil Limo tor ‘of merdury was ogrivalont 

to an increaso in heart rato of approxinatezy ; two. beats. ‘ | 
A study of 150 aviators in which the vasomotor tone indo: was 

conpared with ‘the physiologice? eomponsatory reactions during oxposure 

to She inf luego of tho low oxygon of the robroathing test has shown sesh 

Crampton! s vasonotor tono index does not give a reliable indication of | 

the subject! ability to withstand low omyren. tongions. When the cane 

cttlyos ane arranged in tho fou groups of our seheme for classifying 

aviators. the "AK group has @ average vas omotor tono of. 86. 75, the | 

HA tigi 68.25, tho WBA git 87.0; ‘an. the’ "Cts" 68,13, _ Goldootively, tha itlibee, 

tho NEACEO SOR tend thie appears ‘to fumish information that might ba | 

wana oxeopt for he ngu oroup: The mwnber of men in olass age is 

rathor snall, 5 in ‘ali,. $0 that the change for error is fmoatar. An 

oxariination of the individual cases in tho four Groups. shows choarly 

| ek hers Crampton ‘Vapomoto®: tone indox. ean not be aopended upon as 3 

tost tor ability, to woget ‘to ‘Tow oxygon. Thus: amony tine, wits anc 

vasomotor tones as Low as 30 ond’as hich as: io, anion: ‘tho “Dis, 15 

and 105. with sich a vado ratio of veriation it bocones ovident that 


tho vasomotor tome index can: not bo substitutod for tha robroptning tost, 
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5. 
The following changes in pulse rate were obtained inmediatcly after the 
exercise: decrease in 71 por cent; no chango in 7.6 pex cent, an increase 
of from 1) to 10 beats in 36.2 por cont, an inereaso of from 11 te 20 in 
S4el per cont, and 21 to 30 in dS per cont. Just what increase in the 
rate of heart beat is cebemdat ve is ae to bo determined, lia jor Flack 
and Captain Bowdler conclude coal the seme exercise that an increased rate 
of over 25 and. a returm perdioe. of over 50 dances are points calling for 
careful consideration. Only 645 por inal of our subjects had an “dnereaso 
of over 25 boats. Oh comparing tho abowe data with the showing tho men 
made an ability to compensate ta tho low oxygen of the robreathing test 
we find no wer R eile relationship indicated botieen the amount of accoloro= 
tion aftor oxorcise and ondsuranes of Low oxyeroms Neithor ‘do wo finda 
relationship bo twean ha oxertion entity nate acceloration and Cramptonts 
Yasonotor tone indoxy’ vo 3 : 

, We aia mint follow the meareron of tho Pulse rate to nomal aftor 
exercise but noted the rate two minutes af tor. The rate at the end of the 
Socond minute was above nornal in 35 per cont, ere in 16.8 por cont, 
amd. subnormad in 5052 Por cent of the rete Mone of the subjccts’ had a 
rate of over 10 above normal at the end of ty0 minutes ‘The mumtor above 
noxrial is containly excessive according ‘to ‘tiie standards. ‘of Flack and 
! Bowdler. me this study no > relationship could be established with the 
ability to campansate to Low oxygen: nor with the vasoinotar tones 

The changes in ie systolic pressure. immediately after ‘the exer- 
cise show néthingy definite as te physical: condition and. 2s +0 ability to 
endure . Low oxygens 7 oho systolic presswe, ‘tH mitutes: afte# exercise, 


when compared with the muse rate changes, show collectively interesting 
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differences. tho group with ‘the milse rato above normal had systolic 
pressures eid normal in 22,8 por cent and’ below normal in 66. per . 
cent of the men; thos 7 sfa0se pulse rato had retuned to normal shoved. 
| 68 ‘per cont above and 18 per cent “‘polow tno) normal systolic pressufes 
while in those in hay the pulse rate was’ subnorma1 62. 1 per cent 
were shove ena only hr per cent below their normal systelic prossure. 
it sppears, therefode, that then the heart’ rate romains up after exercise 
the sy Btolis presse more ‘requently becoues subnorml. This observation 
‘nae not en found fo bear mon the ability of men to react to. low oxygens |. 
It does, however, Upaieate that the vasomotor tone index is a more relizbls 
method of Sndging oad and ‘possibly’ stalenoss than either 2a study of 
the pulse rate or ays tolic pressure alonee 
| i” Fleck “ae Sopaler boddieva. the ideal vulse rate for a flying officer 
has a sald bile We Rei systolic ond @iastolic wessues (20=30) with 

a ‘Yoat rate inereagned 20. m 25 by exercise and retucnitic to the test rate 

in to = 15 sévonis, they further state that a pulss of 60 to 72, little 
raised by oxtrelse ‘(10 beats 82 inital and retirnig; to normal in 10 
seconis, ed a , good ‘sign ge ae ony associated ‘with exgellent physique and 
good stability of fs nervous systette te heave no redpom to doubt thoir 
comelusion but belfove ‘the walues: given may ‘be increased by 8 good margin 
and stilt retain tthe physical verfeotion desired. Aout 37 per cent of 
our subjects ‘hea w then stending upright pulse tates above 85 and the pulse 
pressures of the great majority ranged between 30 an@ 60 ma: He. They. 
believe that a digistolic pressure below’ 70 with a pulse pressure greater 
than 50, is strong} evidence ‘that the cardio‘ vascular system is unsuited 
for air work, Abd jut 30 per cent of our fliers hava had when standing a 
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pulso pressure greator than 50, Tho method of ster i artcrial pressures 
may accout for the differences noted. ‘we havo used tho Tycos sphygmonan- 
ometer an@ takon the pressures ‘vith tho arm at the sido by the auscultatory 
method, the systolic prossure beihg read at the point of reappearance of 

the pul so and the diastolic vrossure at the point of disappearance of the 
somnd. 

In comparing ow pike with the conclusions of Plack and Bowdlor 
we find 33 per cont of our mon had a pulse rate above normal at the ond 
of two minutos. Without taking into considoration tho intcrplay between 
pulse rate and systolic prossure it apparontly would not bo just to “rule 
against the subjcct becauso of a slow return. 

OBSERVATIONS ON THE EFFECTS OF FLYING UPON THE PULSE RATE AND THE ARTIOLL 
PRESSURES : 

The experiments wore carried out on the Flying Plateau inmediately 
before and after a flight. The aviator reelined for five minutes after 
which the pulse rate was counted and ths pressures then taken, He next 
was required to stand while cach was again determined. The sarc method 
of oxamination was followed before and after flight. Such observations 
are still being continued. one of tha flichts have oxeecded a nolan 
of more than 6,000 fect while tho average altitude attained varicd 
between 2,500 and 4,000 fect. Tho duration of the flight rarely excecded 
an hour. The pulse rate in both postures was found to be more rapid after 
than before the flight in about 60 por cent of the mou, was unchanged in 
20 per cent, and was decreased in 20 per cent. Tho increase was in 
several as high as 28 beats per minute. The excitement attending the 
anticipation of the flight was evidenced in a more rapid sulse rate only 
jn men who had but little experience in solo flying 3 had some trouble 


in previous flying. 
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The systolic pressure in both postured, reclining and standing, 
was higher. after than before the flight in opprox*mately 75 per cent of © 
the nion studied, 20 por eont had a lover Boaonte pressure on the roturn, 
While about 5 por cent showed no change, The amount of rise above normal 
rancsed from 2 to 34 millimoters of mercury. The greatest fall was 10 
millimoters of morcwry. 

Tho diastolic prossure was in approximately 56 por cont of the mon 
lower after flying than beforo. In nc caso was tho #all oxtossive. 

By balenting the systolic pressure and the heart rate for reclining 
and standing posties to detormine tho efficiency of the vasomotor systom 
and ravine tho reaction, according to Cranpton's scalo of vasomotor TOC, 
wo find that tho majority of the aviators studiod show evidonee of circu- 
latory fatiguo after the flight. Tho vasomotor toxo foli in at loast 65 
| per cont of tho men, in some tho fall was slight but in sovoral instances 
gt excoaded 30 per cont. In viow of the limited amount of fiold study of 
the aviator and tho fact that the flying has boon at comparativoly Low 

: altitudes final conclusions cies not yot to made, From tho data available 
it appears that low flying fatigues tho circulatory mochanism, but nob, 


howover, a8 much as the sams timo spont in physioul works 
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